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PRKLIMINARY  REMARKS. 


.nd  iU  employment  in  thin  connection  i^fe  ."■.LT/'^'I*'*  ?'"'.'«>•'.■»". 


'  Survejr  of 


.nd  iU  empro;ment  n  thin  connection  >»  ",  '«',^o..y,r.  here  .  misnoier 
A  .urvey  idequate  for  miirrrpi^,  «  .t  thf*^  *°  misundersUnding: 
serviceable  for  ail  uiiruoNea  for  ihi^f  ™!!!  '  '  •  f"""*  *""«'  <"»«  t^"**  «» 
diHlinction  between*^  Kapnecei^^^^^^^^  '^•""^  "  u"°  «««""«• 

that  demanded  for  land  adminSon  or  in^         "'  '"  'n"^  "  *^*  "eW  «nd 

The  use  of  the  term  «.^^ii.  enjpneennR  requirements, 

idea  of  a^maielr  a  ISal"  nT  ^^""^.^  f"/th'er,nore,  to  foster  the 
whereas,  c  .  ho>e  to  ^how  i*  TecL^T,^^  "^  "  '"u*"*''*"'  ""efulness. 
•nd  economicarprocedure  i.  to  nlar^hi  "  '""P"'?'  **•*  ""'j'  wtisfactorj; 
comprehensive  lines  that  the  esultin'^  1^  uT^  /  .*  "'""•*'>'  °»  ""oh 
for  which  accurate  kno'  edge  of  thSuT  *f  .^  "t"  ^"'  ■'^\  ?"'?«««' 

.ccordin«l,  erased  the  w„rf  «  mifurr  rmthe'  itl"""'  '"  ''"'"'"'•    ^  "*''• 

,ood"m\%Tf^tut;S^£Vet^Ta£^%,^    f«  «"»' ^ -lue  of 

third,  the  main  lines  unofXch  th2  . T  ^- "'^ *'"'  '"""""'•^  indicated;  in  the 
be  undertaken  arriaid'^Ln  tJ* '^trV.  '^"^y^^ '^^  Dominion  should 
wherein  the  technic^  detTus  of  the  suKe.  i''\"'P"J' "PP*'"^««''  *'«  •^^ed. 
.nd  annual  co,.  of  an  effiSntlfe;  S^rent'-'tiS"""  "'  '""^  ''''^'' 


E.H.  U. 


I.— ON  TIIK  VALUE  AND  NATURK  OK  GOOD  MAPS. 

The  vital  iniportani'c  of  good  map*,  holh  to  meet  military  rc(|uiieni('nt8Tlwv»lw»ol' 
and  also  for  manv  pur)M)Ke-  connected  will:  tlio  administration  of  a  ooimtrv  n-id  fP™'  '"••" 
tlic  .ii'v.lo|iinon(  of  itH  eiononiic   resoiirpes.  is  »o  ol.vi..it~  lint  any  detnilcd  """'' 

•rifiiiiieiit  upon  tlie  point  would  scorn  superfiuoim.  If  »•.•  ic,|iiirf  ar.  t-vaniple, 
from  thf  military  joint  cf  view,  i.'  ihc  disailvaniajos  nrisinir  from  the  «niit  of 
uaps,  Hc  Imve  only  to  iiirn  to  i;e  roooid  ol  ti  .■  Sonth  Afrienn  war,  «liore, 
owinir  to  the  alisent-e  of  acrnrato  io|)0'^rni)liii'al  inlorniation,  tlit-  proirross  of  >he 
opeMtinns  was  jrravely  delayt'd  an<l  a  larsc  loss  both  i>\'  Wr  and  monoy 
r*'sulti-(l.  Nor  wouhl  it  be  dilHcii  t  lo  u'ive  oxaniulps  -Ik. win--  tin'  siniiiar  wa-te 
whicli  occurs  in  atfairs  olhcr  than  military.  Sucli  problems,  tor  instance,  as 
tlie  ■election  of  an  approxinnilt-  allKnuifnt  for  a  now  railri>ad  or  canal  are 
maitc's  of  comparative  >iisc  in  a  cnuiitry  of  which  the  topo^^r.ijihy  is  known, 
wiiiii'.  in  an  uniimi'i'cd  country  they  iirc  inijM)S-.il)lc  witliont  c.stiy  special  surveys. 

i'lM-  vari.iiis  ilirccliiiiis  in  whic.i  a  conijirel-unsivc  series  of  to|io!,'r.iphlcaI 
maps  of  a  couiitrv  .vill  lie  found  of  value  both  to  the  Slate  ami  to  private 
coriMirntions  or  individuals  may  be  siiiuniarized  under  speci.il  he  dinijs 


(•'.)  Admi.nistkativi;  and  I'dmticm,. 

In  all  <|Uestiiin»  rehitiiu  to  the  administralion  of  pu'ilic  land-,  the  sa.- 
trnnsler  "f  sueli  :  llie  settinij-  out  upon  the  li'inund  of  proviiieiai.  t(i«iiship  and 
other  public  bi)imdaries  ;  the  \aluati<in  of  jiroi  eriy  lor  tlic  e(piitalde  adjustment 
of  sales,  t.:  ,  i  m  ami  .isses-menl  :  the  adMiiii^traiiim  of  j.ulilii-  works,  sucli  as 
canals,  reser- .itiuns,  ,i,irks  atul  lii;;hv»ays;  Cie  reehimat'ini  an<l  iinprovi  ment  id' 
waste  land-,  and  a-  base  imps  for  all  slatistna!  purpose-  for  the  uraiddc 
ei)reseniation  of  fu-l>  rcl'ili,,--  to  ),o|)iil;i;i(iu,  indii-tries.  prodn.'is  and  similar 
nforniatio.i. 

'1:  )    MlMT  \!:V. 

''or  military  pnrimses  such  maps  ave  iMvalual)li'  in  peace  and  necessary  ]<\ 
war.  In  jioace  they  are  u-ed  for  training  and  n.anil'iivre  p.irjHisrs ;  fur  the 
laying;  out  of  c  imps  and  exercise  lirouiuls:  ioi  !!ie  'daiiuin;:;  of  permanent 
delensive  and  oM'  iwive  works,  and  for  llie  reprcs.^n  :itioii  r.iid  discussion  »■'  all 
nulitarv  aiel  shviUnical  pri)l)leiiis  cunnccted  with  lii.'  de;e;ice  of  a  coimtiv  and 
the  successlul  ;ip)seeuti(in  of  militivv  o|ie.a.ii)Ms  on  or  outside  its  front  ers. 

In  war  ai'cunite  maps  are  a  in,i,!er  of  vital  necessity,  and  are  of  use  for 
conveying  inlorm.ition  as  to  the  .ature  .  f  tiie  en-  .  n  aus  of  communication, 
water  supplies,  nalnra!  resources,  Jtc.  and  t'.  ;''aaii!n;;-  iieircbes, 
fieldrtorks  and  general  strate,'ical  openit'i>!is. 


camjM, 


(r.,    HM:lNi:i  l,IN        -Nl-    KcoNll.MlC. 

.\s  |irelimin;iry  maps  for  i)lanni'  ,;ii'-ii,uls.  highways,  elcctr'c  roads, 
canals,  aipieducts;  sewei  :;e  drainase  a  .  .ater  sup|)ly  selnines.  In  all  Mich 
worki  the  cost  of  tirelimi'  :      surveys  is  il,,,s  s;ived. 

I'or  showini'  tne  e\tent,  locatio  i  a!ul  ;u-  ■  ■- ■''iliity  of  l.inils.  wat;':s,  fore-fs 
and  valuable  mineral-. 

.\s  base  ni-ips  f  ir  i'ydroiiraphical.  ireoIo;;i(al  and  nuneral  surveys. 


In  addition,  as  an  incident  iu  tlie  makin:;  of  ii  to|io^r.iplii(vil  map. 
monuments  are  establi-ied  tliroiu;hout  tlic  country  the  po-illons  of  .,  bich  jire 
accurati'lv  tiyed  an'l  which  wiil  serve  as  datum  iioint-  for  all  othei  j;ovcniinenr. 
private  and  cadastr.il  -urveys.  Bench  mark-,  or  reeonis  of  bci^-iit,  are 
also  estalilisli'.il,  wliich  furnish  datiini  elevations  for  use  in  connet;i"ii  with  all 
public  and  private  eui;ineerini;  works. 


*  As  ntic  MJnjrlc  f'xuiMpl.' of  tlii' ininif'liiirH  |ir;ti'fiiMi  i»i'..!ii  whii-ti  i>--iilt-i  from  tin- fxistciu't' ni" 

an   mcc-uim;c   lilii|.,   if    ;ii:lv    !.■    niriil  ii.]ifil   tijat.   Mbim    lil<>  i :ii!,-li.,ii  iil'  liif.    OoImumv    s,„.    ,,y  |,f 

Irulaiiil.  tlic  amount  of  tlu'  iiicoMw  tax.  as  col!  .m1  uivunliiiii-  V'  tlii'  viiliMti.jn  lo  mi  Icil  on  ttie 
basis  of  llie  Ordnuni'i;  iiiaj'S,  uxceedeJ  the  ..iiiuuut  |irevioiisly  cuilfcted  liy  luaily  ,')  '  000/. 
(•JjO.'iili  dollars)  a-ycar. 

(»)  it 


While  thus  insiHting  upon  the  value  of  a  topographical  survey  in  its 
practical  and  commercial  bearinfts,  wc  must  not  forget  that  the  execution  of 
such  a  work  has  large  value  from  a  geodetic  and  geographic  point  of  view 
which,  while  only  ot  scientific  interest  to-day,  may  well  be  of  practical 
importance  to-morrow. 

In  these  circumstauces  it  is  not  surprising  that  almost  all  countries 
have  recognised  the  paramount  necewity  of  carrying  out  precise  surveys  of 
their  teiritories.  Such  work  is  completed  or  in  progress  in  the  United 
Kingdom,  British  India,  British  South  Africa,  the  United  States  and  in  all 
European  countries  with  the  exception  of  Turkey. 


tifneciil 


-rM 


b  ra.t.'  »  ^'  "*^  examine  the  maps  of  these  countries,  we  shnll  find  that  there  is  a 

ti.*'i"'  i!i^  general  consensus  of  opinion  that  tile  militarv  and  other  requirements  are  best 
K3i>lii.  ill     met  by  a  map,  on  a  scale  of  from  about  1  {  inches  to  ^-iiich  to  ii  mile,  showing 

all  the  natuial  features  of  the  ground  and  all  th    artificial  features,  i.e.,  roads, 

railroads,  houses,  bridges,  Ikv.  {ste  also  Appendix  V.). 
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Tlie  best  scale  for  the  map  depends  upon  the  nature  of  the  country  and 
on  the  amount  of  builu  ng  and  cultivntion,  thus,  in  a  closel.v  inhabited  country, 
the  necissai  V  details  can  lianlly  be  sboun  nn  a  scale  of  less  than  1  inch  to  a 
mile,  uliilc  in  a  more  ojien  country  one  of  A  inch  to  a  mile  may  suffice.  In 
unsettled  ii--  sparsely  inhabiteil  resrions.  Hhere  tiie  t'i'onnd  forms  are  not 
oiniplex.  tiie  features  can  be  shonn  on  n  map  at  a  scale  of  }  nun  to  u  mile. 
This  is  about  the  limit  of  practical  lU-Hly  lor  a  ti>iio!;rn)iliiciil  map  On  anv 
sni.ilier  scaic  the  natural  features  camiol  be  >hown  in  detail,  but  can  oiilv  be 
inlicatccl  in  a  jiiiicraii/.cd  and  appro\i  .  'it"  manner. 

Tlic  selection  of  the  nmst  siiitalile  >cal>-  for  any  paitii  nl.ir  conntrv  is 
lari:cl\  a  .icstmn  <;f  relative  cost,  a  mattei  ivliicli  is  discus^cii  in  a  Inter 
portion  ol  this  report.  We  may.  bowcviT.  here  remark  tliMt  in  a  sparsely 
iiihiibilc  .r  iitiivy.  sncb  as  Canada,  all  pracii^'al  re((u;ieii:ent-.  for  a  Itiug 
peri-'  or  -.  r-.  <•;'■  !,  niff  In  ii  map  on  the  -(ale  of  .J  inch  t  •  :i  miUv 
SpiM'ial  ar<  :i-.  -.nil  as  tlio-c  -rrroiLnlinu-  'iu'  lari^iT  tovns.  nml  mineral 
lec.'iliii.-    vIkv,-  ii.nd  \ai!:cs  nr^'  bii'li.  mi:;l.t   bo  .iir\cvet' 


tic    nni  cil.'ikir;;    of  ii  ijcneral   man  on  li. 
a  project  a!  tlio  presi-nt  time. 

\  ii  )ioji:ij.!ii-,-il  map  of  Caiiio^i  ,^|, 
nil  ibc  '  iilliiiii  i;nd  aitilieial  ti-i'iiii^ 
reipi!"  nici  I-.   ;ii:d    ttoii:i!,   al    tlic    ^uv.'v 
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II.— EXISTING   SURVEY    WORK    IN  CANADA 

Survey  work  has  been   done,  and  is  now  in  progr<'s»,  in  ('anada,  under  Oemrat 
KfAeral  iliffirent  de|iartments.     Tluis  there  are  land  surveys  executed  by  the  »""""»'>• 
Provincial   (lovemmpnts ;   Do'-iinion  land  surveys  and  surveys  of  the  railway 
belt  by  the   I  dominion  Survoyor-Goncral,  and  topoijrapliicai  surveys  by  the 
Geological  Survey  l)e|iartment. 

To  tills  list  we  may  add  :.stronoMiical  deteiminatioiis  nt  [tosition  curried 
out  by  the  Chief  Astronomer  and  his  st.iff';  military  sketch  maps,  done  by 
parlies  of  Cadets,  from  the  Royal  Military  College,  ilurin<;  suinnier  traininjrs ; 
and  surveys  ol  the  coa-ts  by  the  .Admiralty  and  the  Department  of  Marine 
and  Kislieries. 

To  lake  these  dift'erent  classes  of  work  xn-iiilint :  — 

The  Provincial  land  suwcnr  ii;ivi-  liecn  done  by  vari'Uis  metliods.  and.  as 
naturall\  niijr'nt  be  evpccted,  avi'  of  vaiyi  i^  orders  of  necur.icv.  Hotiyhly 
spcakin".  all  ti  '>»e  iliitm;;-  bcfiire  I'^.'i'uiie  done  with  the  com]mss,  and  are 
liaiile  to  liirze  errors.  Since  that  date  lliev  hiive,  f >  r  the  most  p.irt,  neen 
carried  out  nitli  llieo.lolise  and  r'liaiii.  an  i  there  .:;  ,  nii  doubt,  been  a 
coUsiUeraMe  increase  in  precision  in  this  work  in  recent  \cn\*.  .\t  the  snine 
time  it  must  be  renienibered  that  much  of  it  has  been  done  by  inexpert  men 
who,  havinj;  been  paiil  upon  tbe  piecework  system,  have  had  little  inducement 
to  strive  for  any  decree  ol  perfection.  The  actual  work  of  the  provim-'al 
surveyors  has  been  the  inarkin;;  out  of  the  township  and  suli-divi..ion  :ines 
upon  the  ^rouiul.  The  lewn-hips  m  tiic  older  part  of  tlu'  country  aM-rase 
al>onl  I'l  miles  by  l(t  mile-,  in  the  nowly-setllod  4lisiriiMs  they  ure  made 
•  1  ;.  iles  sipiare,  divideil  into  T'-'  lots  of  :'2i>  acres  each.  The  snrveyois  are 
suppiise'l  lo  rer..rd  iUiy  fialuri's  road~.  >tii;Mn-,  \e.,  »hleli  cross  (he 
bounday  lines,  iiiiil  to  niiike  a  Iraver-e  survey  ol'  aii\  lake  of  "lijeli  tlie  area 
exceetis  L'lt  acres. 
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Thee  loHii-l,  |i  pi. in-  lia\e  been  put  to^riliei  In  t!:e  Cinineial  l.iiiiil '-' 
l/eparlments  int.i  uiaii-..  In  the  work  of  i'oni>iiaiiim  the  aetu-i!  posild:is  im ' 
the  map  (lepemi  upon  jioints  delerniined  astionomi  nll\  by  erude  nu'lboils.  ,„ 
In  the  Kastern  l'riiv:ners  I  i"  fundamental  iio-iliiin,  are  iln^'  of  the  ild 
Adniiraily  char'.s,  Tneie  lia-  as  yet  leen  no  alteiiipl  -o  reei'iiiMile  them  upon 
the  precisely  del, rniiiie. I  fu.iilaiii  ntal  points  n  iii-li  ^'ri'  now  uvailable.  It  is. 
fu'tberiniirc.  >  viilenl  lint  ibe  conliinat'uii  of  a  num'er  of  plans,  iheniselves 
inaceurati'.  can  onlv  le-nji  in  the  accnniulatnti  ol'  hir;;e  residua!  errors;  si  it 
is  lianlly  Mirpri-im;  ibil  -indi  nuips  should  b'  ile^eribcil.  by  a  compeieiit 
aiilhorilv.  ii-  ■•■j;iiis»ly  eiroucous"  .Ml  the  work  of  lliese  I'nnineial 
DeparlnienI-  i--  »alti -le-  a-  a  lia^i^  for  a  topn-ifapbieal  m.-ip  nl  any  iireicnsiins 
to  aeeuiarv.  Ii  i-  po-^ilile  that  «ome  of  the  iraver^e  lin- s.  espi^cially  ibuse 
done  in  reci-nl  years  and  where  the  oriiiinal  n'conls  arc  available,  miiilil  be  of 
some  sli-ibt  as-i-lanee  in  the  pri);;re->  of  a  topoi;rapliie.il  sarve*.  tbouub  il  is 
(|iiesliiiiiablc  nintber  llic  attempt  to  u-c  llicii  woiilil  not  ultimaiely  prove 
unprotitablc. 

The  land  survev-  carried  mil  under  the  direetiun  of  tlie  Doininimi 
Sur\eyor-(!en>'r«l  in  Manitobii  and  the  Nortb-\\e-t.  am!  alony:  the  railway 
beil  ill  Hritisli  Cnliimbia.  are  of  a  far  hiubc!  order  of  pn  i  i>ion.  I'lie 
work  in  llii-  case  i^  ol  the  same  nature,  namely,  llie  deinarcalion.  mi  the 
jlToiiiid.  of  llie  township  and  Kcetion  lini's.  and  the  method  ot  execution 
Is  that  ot  aceurate  chainai;e  from  well  delerniined  aslionmiiical  |>oints. 
Mam  ot  the  positions  are  referred  In  the  Intciiialional  Canada  I'liitcd 
States  I'Voiitier,  wliieli  was  delimited  b\  a  joinl  cmniiiissi.iii,  usini;  the  Talcolt 
iiie'!:'-..!  .tf  l^it'tii-lc  lieti'rniiiiiitien,  «>thi-  M-irr.r.'>!e,ii:!!  bit-lliiii..-  hnve  been 
lixcd  ill  receiil  _\car».  with  all  the  pre  ci- on  nt  wbieli  lbi«  niclhn.l  i,  capable, 
and  lin  !oni;ilmli'-  of  tliiiilallienlal  pmnts  lia>e  luee  deleniii'icii  by  Mie 
exchange    of    telegraphic    signals       Tlie   .surveys    are    iml    lopogriipliical,     n 


iKllllillK 
lull  I 
.-ill\t»v.> 


Snrve.v  <'! 
bi-li. 


Topo- 

trraphical 
"iirvfys  ill 
inuiininirL-i. 


'.•■  i.titiil 


''I"  »y«. 


SJntadr  o?*!hi''7  '"«'"'!«.  "•''"•er  heights  nor  e„„tou.«,  „„r  ofhor  repre- 
«ntati,.n    „f    ihe  torn,    of   (he   ground,  l.nt   the  points   are   probably   fixed 

In  the  course  of  th<'  snrvey  of  the  railroad  bolt,  of  2((  miles  on  each  side 
of  the  ("ana,  „.„  l-a.-ili..  Railroad  line,  a  ohained  uaverse  haTben  car  ed 
over  ho  w  ,ol..  nn.  fron,  Caljrarv  to  Vancouver.  T„o  precision  of  tl  is  wTrk 
.s  no  cpnc  j.p  ,0  the  s.anda.d  of  which  the  n.cthl.d  is  capable,  but  it 
IS  not  ,,n.l,a  ,1.    that   the   ,>osition  of   „nv   point  on   the  mad  is  in  error  I'v 

done    nl,..,:.    ,1k.    railn;..v.    an.l    a    map     -f    the    nhole    belt,    on    a    scale    of 

'  ■■  •"•';■ :•'"■  "^  '-If  I"  <•"  *"<•!'.  '-  Leen  ;,v,„:„eed.     It  is  (hV  in  enM.:.   tie 

deiMrtmei.t  to  extend  the  map  to  the  soutlun,  b.uuu.r.v  of  Ikili.h  t'ohnnbia 

.\    te«i    .vears  a-o  a  party  »as  sent  out    i.v   this   department    l a 

tciio^raplii,;..]  survey  ot  tin'  n-io"  in  fhe  l'„ekv  .\|.mPiai„s  ,„u.i,l  |:.„„r 
li.e  re.nlt-nff  n,ni,s.  Jl  in  .unnlu.r.  aro  of  ,,  l,i-h  order  oi  „„ri|  l,„t 
o«n,u'  to  the  larue  scale  -cb-led  ,|  :  ;n.oo.,  .,,  ,|,.„„  ,,  j,,,;,,./,,, 
ni.le  a.,.l  li,e  c,Mwe<p.,.nt  niinnte  ..re.isi.n.  n.  osar.v.  ti,e  work  »as  found 
to  be  too  s.ou  and  cNprn^ve.  it  »as  aceo:,liu-lv  abandn„e.|  a-,.l  ,l,.re 
IS  no  ,,re-cnt  intention  of  taking  it  up  a-ain.  A  ^nrvev,  on  a  less  :,u,iMt^,us 
scale,  ot  the  ninuntain  d,>!riets  near  the  principal  tourist  resorts.  i,as  lately 
been  started.  I'arlre.  Iia>e  also  carrie.l  out  iirvev.  in  the  Vukon  .iiMrict 
and.  lor  irn_  ition  purposes,  in  Southern  Albeila.  ' 

The  uork  .!.;.„■  l,.v  the  tleolo^^ical  Survey  IVpannient  nmy  be  .Idined  a,a 
in.xtureol   compi  at.o,,  andon^nial  snrv..y.       In  the  Kastern"  Province.    \e,v 

l.rinM..,rk   and   Nma    Seolja.    «here  the   ,.;M»inrial   M.rv.vs   are    ei r"  non- 

cvistent    or    valueless,    the   work   ha,   JHon   enlirelv    redone    bv    tl,e    n.elhod 

o    ehan.ed  lr,aver-es  filed   in  bv  the  con.p.ss.     Tbo  resul.in,/ ,  s  ,|  e  '  !   e 

nitan,  a  cu„s:der.ble  .U-re  of  pre.i.ion.   and.   in   ll,..  case  of  \„va   Scotia 
"here  the  M.rvev  on   the   1    inch  >  .ale  is  ahnut  t«o.thirls  compbted.  co  d  1 
louht'ess   be   ......     as  ,l,e  bn„s  for  a   prelin.inary   to|>o„a„hical   u,a„.      Tie 

f|m,lan,rn,al   v.w,l„.„    :,,,om   whieh    fie   nm„>   of   ihis    pn,.       ..   „r,.    i,,-..,|     ! 
that   .,t    ll.ihtax.   ...   ,a|.,.n    ihm    ll.e     \d„Hrally    ebnrts.      The    l.ti,:,,]..   am! 

b.u.„u.b..   b.,h   o,    ,i,.,,h>c..    a„d    ,,f    ,-.i,„s    a,    ,be    n.,rth    and    .,.,1,    e 

oMbep,.nu,Mda.   .,y   S,d„.,.y.   Ca,,..    Preiou.   I    Varrnoutb.  ud.i,,   „o„.  with 

a(l\anta;:;e.  he  ri  de!'rninie.; 

In  the  , ■,,,,.  „!■  Xe„  ISrnu-wicl..  a  map  o!->Mrface  -eo!o:rv  an<l  lon.t-  oa  •, 
'"■';   '"     '    ''■•'':    ["   ■'"    ■'"■"'  "*  """    l''''"b    c   n,|,le|.-„.      Three    s„eels  in  the 

bed.ts   ta„.n    Iran    U.e   railway   pmbh.s   and    iVun,   a„er„id   oh.'er^r s   are 

-1. en.  the  h  ...  an.  .|...«n  by  ^er.ical  bac!,ur..~.  a,w  ail  ,he  (e..ur,,.a.  far  as  is 

..>.d.le  on  (he  .e:,..   a-e  nMl„....d       \M,b  a  re<iMo„  on  the  .„ d  to  ad  1 

"e.>  ,..ad-.  \c..  ano  li   reprnile,,  with  the  elnnmahon  ot  the  ^eohe.y    ibU  n,in 
')'"l'l   .'"•■•''.'■   "   ;,^"''    |..vlin,inary    lopo^raphiea!    ,a.,p    of   ,he    pn,';  „'„•>■      Tl, e 

..;enn,nat,..n  .,t   ,he  a-.,-o, ,eai   po.;,ion  .,t   „   e  ,.„„(  i„   ,|'.  ,„.,„..,;...   '     - 

■^'"i"'""-  -' Id  at  .be  .,anie  time  be  underlaken  '      • 

in  "Man.,  and  .'.eb.e  the  innhieial  nr.ess  i.,ve  he,  n  r.  adiaxed  o„ 
.H«  tnn.,-,,.  „n,.~a,al  aMronomn.al  po.i.i,.,,-.  a;..l  i,,  ,  he  ue,.  al...  (he  „,„.k  is 
';"■'     •"•^",a    a.nl  partly  ba.al  , „  the    , .ami   ,S„rve,s       \    ,      ,J 

e  nir...   ,n,i  s.  ,„ile.,  lo  an  in..b  ,n  llie  nerlli-v,M.  '  '  '  .•  ai 

ri'iee  ^p.  ..ail  lopo:;rap!nral  sh...!,,  „„  ,.  .,.,;.,  ,.,    ,  „„  ^.,  ,.,  ^,^^  :, 

'""!  ■■■",^"   ""'   ' '"-""  '■•-i"»  ^"ii-i'.iii^    Ihe  raih-ead    line.      Ti.e   in'ellml 

ec,..h...,     ha,  ,.e,.,,  a  „.ry  roa.h  lrh:n^  .lati.n.  I. |   „,„„,  the  poi,  ,,  "        e 

,l.av.|..,.a.n,m.d    bythe  „ ■,■..  alna  ly  a  heled   to.  lit  h   .be'de.alN  filed 

11.    !n    ,|.clelmiu.       Ihes..   mai,,  |n,v,.   lu.,.o    rei,r,.,li,,.,,.!    :.,  .,.,   ...j..,   .:       . 
«iM,    c.,n,..„r,  ami    hdl    sha.Jin^.   b,,t    they  nnuiot    clain. '  to' b.:   ne.n"Z; 
recei.aiiNsance  >kelehe«.  ' 

'"    '"'''"' ■'    •'"■    ""'•I'    '">rried    o„l     1,^    ,|,..    ,.i,il    dcja;! ,:•     a 
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onsiderable  amount  of  military  sketching  has  been  done  by  the  cadets  of  tiie 
Royal  Military  College,  Kingston.  Owing  to  the  short  time  available  for 
instruction  and  to  the  unsystematic  way  in  which  the  work  of  the  liitferent 
men  li  is  been  put  together,  the  maps  compiled  from  these  sketches  have 
hitherto  been  ot  loss  value  than  miglit  fairly  iie  expected.  Lately  a  mure 
scientific  method  of  compilation  has  been  luidptctl  with  a  eorre>ponding 
iiiip'ovpmrnt  in  the  results,  but  no  method  of  compilinj;  i-an  by  any  im.ssibility 
lead  t  '  the  production  of  a  complete  ma))  of  a  country  »hich  will,  for  a 
moment,  stand  comparison  with  one  produced  by  actual  survey. 

The  unsatisfactiiry  nature  of  this  process  is  apparent  to  any  ;reof;raplier.  '"■P""*'" 
It  is  a  "lattcr  of  extreme  difficulty  to  thus  ))roduce  a  nia|).  even  on  a  small    'I'Sl" 
sc.-le,  wliicb  shall  be  free  from  serious  error;  to  construct  a  map  on  a  scale  ^r,^  ,„.,u< 
oi'   1    inch   or    ,^   inch   to  a   ii.ile  )>\    conipilatiou   ot   fragiiieiitury   material    is  l;y  eomiiiU- 
imjiossible.  '""'• 

In  the  Report  of  the  Geoijrapher  to  the  Depnrtment  of  the  Interior 
for  I'.'Oi,  Mr.  NVhite,  aliudin-;  to  the  diHicultics  met  with  iti  compiling;  the 
map  of  Canada  on  a  scale  of  ■"lo  miles  to  an  inch,  wrote:  -'•The  lack  of 
ail  accurate  topoiiraphicul  survey,  tiie  numerous  sources  from  which  informa- 
ti<m  must  be  obtained,  the  ditticuity  in  n  any  cases  of  obtaininjr  access  to 
the  plans  of  old  and  ulun'st  f,>r::()tteii  surve.vs,  the  necessity  of  incorporatinf; 
surveys  that  are  beiiii;  made  concurrently  with  the  compilation  of  the  map, 
which  rie(picnlly  alter  the  vvr.rk  almost  as  soon  as  coiM]detod.  all  tend  to  make 
the  compilation  of  such  a  map  a  Ion;;  and  tedious  operation. 

Turtlier  on  in  the  same  report  he  wrote:  —  ■•The  dilliculties  encountered 
in  coin|iilinjr  the  new  map  of  Canada,  emphasii'.e  tne  need  of  a  jood 
to|io;iraph;cal  survey  of  at  lea-t  the  well  settled  |iorlions  of  tne  Dominion.  A 
few  years  a;r"  1  made  a  sirvey  liet'vecn  two  ivell-deli>riiiined  jioints  im 
(ieor:;ian  liay  and  the  west  emi  of  Lake  Ontario  rcsiiectively,  wtiicli  snowed 
thai  (lart  of  Central  (>ntario,  as  shown  m  tlie  besi  existiii;;  map,  was  over 
'J  miles  out  in  loiiyiluile.  and  c  vir  a  iiiiie  in  eriir  in  :atiludc.  Although 
our  map-  slioiv  streams,  lakes.  &c..  even  m  the  extreme  north,  much  of 
the  inloniiation  upon  which  they  are  based  is  of  the  Mi^ue-t  kind.' 

Kxiimples  iilustratinif  the  iin-atisfactory  nature  of  this  process  of  map 
coinpihiiion.  without  •;ood  surve\s.  could  lie  miiilijilied  willioui  dillieulty. 
Thus.  .Mujor  t'.  !•".  (lose,  i  .\l.ti.,  i.'.K..  Instructor  in  >urveyinir  at  tlie  School 
of  .Military  Kiiitineeriiiu:.  t  hathaiii.  in  a  lecture  deiivirea  at  liie  !5talf  College 
on  l^itli  .luly.  li<i':'>.  said: — ■•  >o  asscMihl.'i;;e  of  sUetcles  will  ever  make 
a  lopoi;iapinc:il  map.  The  maps  of  Imlia.  previous  io  iSiiL'  iwlien  the 
Survey  Department  heiian  work)  had  li<(  n  ceiniiiled  from  sketches.  These 
maps,  in  the  shot  distance  acro-s  India  in  I  c  I  titiide  <>f  .Mysore,  were 
4<i  n.iles  in  error,  a  striking  e\anH'le  of  the  lutilily  of  basing  maps  on 
sketches." 

Ajrain,  speakinir  of  the  recent  experience  in  .*>outh  .\frica,  he  said: — 
"  Instances  have  Inen  ipioU'd  o{'  the  impossibility  of  coin|Mlin;r  a  satisfactorv 
map  from  sketches.  South  Africa  allords  the  example  ol  the  impo-sili  luy  ot 
conipilin:.'  a  map  from  lar;;e  scale  plans,  such  us  the  tarm  surveys  of  the 
Kree  State." 

file  number  of  special  surveys  carried  out  in  Canada  for  railways  and  Scwial 
canals,  either  h\  the  Department  of  l!ailwa_\s  ami  Canals  or  In  privu  •"'"<■)". 
corporations,  is  veiy  coiisiiierable,  and  the  total  expenditure  U|oii  them 
niUKl  unioiiiit  ill  the  ay(;re;.'nte  to  a  lars;e  sum.  Siirsevs  ol  this  cliaracler, 
done  lor  special  purposes  and  where,  therelore,  it  is  the  object  of  the 
surveyors  to  tttki'  nolhini;  into  .iccoiint  which  does  not  directly  atlect  the 
work  lliev  have  in  view,  can  only  be  of  slight  .lSsl^lallee  in  the  coiisirueiion  of 
a  ;;eneral  map  id'  the  country.  .\s.  moreover,  there  i*  no  s»steii,ati('  iiiransre- 
ini'Ut  tor  the  rejfistraUon  and  sterajje  id'  such  plans,  it  is  incMliihle  tliat 
they  should  often  be  lost,  or  at  all  events  lost  sijihl  ol,  and  tlieir  iise:uliie»s 
Is  th  !-.  co'ifiited  to  llir  iittiiied  ptifpone  for  which  trey  Heie  m:uii'.  I'hder 
an  oritauized  survey  department  no  such  loss  wmild  occur  and  the  whole 
lines  of  work  would  be  so  pl.iniied  that  ail  the  »uive\s  houIcI  be  done  witn  a 
view  Io  their  subseipieiil  emph>\ineiit,  not  tor  a  speciiii  or  liiniicd  iise,  hut 
for  any  pur|hise  lor  which  liiey  may  he  required.  Only  thus  can  uilimate 
economy  be  obtained. 

(HI  fl 
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Jj^^«-  Ii  is  apparent  from  this  short  summary  that  a  very  large  araount  of 

ch  raster     ^u^vey  work  is  being  done  in  Canada,  while  it  is  unfortunately  true  that, 

ol  ousting  *'  the   prt'scnt   miiment,  it  is  not  possible  to   foint  to  any  district  of   the 

w,.rk.  Dominion  of  ivhic'i  there  is  available  a  map,  even  approximately  up  to  modern 

standards.      iNor   is    the    reason    far   to   seek.       It   is   to    he   found    in    the 

uiisy.-.temBtic    and    fragmentary    nature   of    the    work    done,    which,    wiiile 

nnsatisfactory  in  its  results,  is  ut  the  same  time  most  costly. 

miiriiv  ''    ""*•     '*^'   affirnied,   without    hesitation,   that   by   the   initiation   of    a 

systematic  survey  upon  those  well  ordere.l,  scientiHc  methods,  of  whi<;li 
universal  experience  has  demonstnifeil  the  value,  the  countrv  would,  in  the  not 
remote  hitur?,  eftect  a  substantial  savin:;. 


liifDicient 

.imlK. 


riie  ((U.stion  of  the  usefulness  of  such  a  survey  has  been  already  dealt 
with  in  this  refioit.  the  question  of  lis  ultimate  economy  is  no  less  important. 
The  iollowin^  ipioiations  frcmi  a  meiiioraiuluni  recently  prepared  hv  a 
Committee  of  the  Royal  Society  of  Canada,  on  the  subject  "of  the  systoiiiatic 
survey  or  Canada,  will  prove  interestin;:  in  this  connection  : — 

•■  The  same  urouud  is  being  surveyed  over  and  over  again,  by  the  land 
.surveyor,  the  geologist,  the  lailway  or  c.inal  engineer,  the  hydrograidier,  &c. 
For  every  new  object  a  new  survey  has  to  be  made.  The  labour  and 
expenditure  on  these  surveys  wouM  beconsider  ibly  reduced,  and  often  entirely 
unnecess,iry.  if  »c  had  a  systematic  trlan^ii'latio!;  carried  out  a«  in  otbt- 
coiiutries. 


••  There  are  few  countries,  if  any.  where  the  exnenditure  for  survevs  ner 
capita  ot  po|miation  is  as  large  as  it  is  in  Canada.  The  Department  of  the 
lnl<rior  U  (iiviilin:  lamls  in  Manitoba,  Ihr  Nortli-\Vc-,t  Territories  and  Ibitish 
Colunilua  :  liie  (Jenl.mi.al  .^^urvey  Department  is  >urveying  and  exploring  in  all 
parts  ol  t\\>-  Dominion:  the  Depnrtment  of  .Marine  aiid  Fisheries  is  makin;;  a 
JMdri'gr.iphn-  suney  of  our  navigable  waters;  a  military  survey  of  the  country 
IS  in  course  of  ex-cnlion  under  tlie  direction  of  the  militarv  authorities.  The 
iXparlmehl  i.f  I'ublic  Works  and  the  Department  of  Kailways  and  l  arals  are 
also  condiictiui;  extensive  surveys.  In  tiic-e  operations"  cround  rlready 
covereill.y  one  Department  is  olten  i:oiie  over  again  by  some  other  Depart- 
ment. Ihe  siinie  distrihution  i:ml  duplication  of  work"  is  repeated  in  each 
province.  wIh-.'  a'liKwi  every  Depeninent  of  Ihe  Local  (Jovernment  and  many 
of  the  -rent  cirporations  are  n  aking  surveys  for  some  purpose  or  another." 

■'i'«lrtr  ''   """■'   ""'    '"'  '"'l'P"»»^'l    Ihai   i>    hesitation   to  embark  upon  a   lobular 

•iii^  to  A-lHy  ?""■•'•*'  "'  '''^'  ''"l'i"f.^'  '^  confined  to  »  aniidn.  It  we  wisli  other  exai!i|iles  of  Ihe 
i»  1*111  iiifr  incMtable  «a>tr  entailed  by  such  delay.  «e  need  ^i  no  further  than  Ihe 
v»«it-ii.aiH-  United  Kin::doin.  where  the  earlv  hist.ry  i>t  tlie  Ordiimice  Survev  atfords 
several  striking  olijcct 
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essons. 
iiiav  be  (|iio|eil   IVoi.i  a  liistor\  of  the   tlnlnaiice  Surve>   of 
I'alni.-.  li'.K  ,  published  in  ls7:i:    - 

I  hi-  lii»tMi\  ol  the  iiiiuc  sum-  which,  even  Hlibin  the  last  .".il  vents, 
Inne  lieen  Irom  time  i«  imie  espendeo  on  incidental  survevs,  lor  various 
pnbhc  piir|.o-.  s.  |,,ri.i-hes  an  insinidive  lesson  on  the  economy  and  advisability 
id  beiiiir  |'in\  ,UmI  Hiih  a  s\ sternal ic  nalienal  cailiistre.  In  ;>•»•.',  when  the 
Tube  Comni' latinti  Act  pn-.<  d,  a  denmnd  aros,-  for  a  great  number  ot  plans 
on  1   lar-i'  -eiih       Tliil  deniami  mji>  su|i|iliid   li,\  plans  •iol  up  in  a  haslv  and 

impiomptii   mitniicr uillerent   siales  with  no  I'lnili.im   primiple,  and  wi'thout 

reference  to  an,\  Lieiieral  system  ol  liianirnlation.  (If  U',(i<i(i  tiUic  plans  thus 
prepateii.  cMending  to  thiee-liiths  vf  th.'  country,  about  one-sixth  only  are  of 
a  i;rsi-r:;iN~  d( >.  riprinh  ;  n.aiit  ol  ilu-  remainder  are  very  iniperfecl  and 
inaicni.iie.  some  of  ihem,  ii,.l,  .d.  -carceii  worthy  the  name  ot  plans,  and 
iisel.'ss  lor  iiililic  imposes.  T»o  millions  o!' money  (  Iii.imih.piki  dollars i.:i  sum 
vbicb  would  ni..r<-  limn  lia\e  paid  lor  a  national  si'r\ry  .d'  Kn^land.  weie  thus 
hpeiit  on  plans  wiieh  .nn  never  lie  jiiviiipeseii  to  fiini'a  national  cndnstri'  and 
>.  I:  eh  would  not  jnne  !,eeii  needed  had  a  cadastre  existed.      Hut  this  is  not  all. 


Hi 

When  the  operations  of  the  Tithe  (.Vminiission  were  afterwards  extended  to 
other  objects,  many  of  the  maps  were  found  to  be  inp.  ^quate  to  any  but  the 
spi'cial  purpose  tor  which  they  had  been  designed,  and  much  of  the  work  had 
to  be  done  over  again.  In  1850  the  Inelosure  Commissioners  spent  40.000/. 
(200,000  dollars,  for  fresh  surveys  and  maps,  these  too,  unfortunately,  being 
made  on  no  uniform  system.  On  the  occi.sion  of  the  railway  mania  in  1S45, 
another  immense  demand  arose  for  maps  for  railway  purposes.  A  sum  ot 
about  -.'riO.OiMj/.  (1.2jO,000  li'dlars)  was  spent  on  surveys  for  the  railways  which 
were  actually  carried  out,  -.'oo.OOJ/.  ;1,000,iHmi  dollars;  of  which  might  have 
been  saved  bad  there  been  a  national  eadastre,  to  say  nothing  of  the  cost  of 
negociations  witii  landowners,  inueh  of  which  "oiild  Have  been  avoided  had 
there  been  (iovernmenlnnii.s  upon  which  owners  of  property  eoiild  have  rt-iied. 
Besides  this,  l.undreds  of  th.)usands,  almost  niiliions,  were  exiended  on  surveys 
for  lines  which  ^ere  got  up  in  a  I'.urry  and  then  abandoned  for  want  of  pro{)er 
maps. 

••  We  might  :;oon  ni'dtiplying  instances  in  which  enormous  sums  ot  pdolK 
mcmey  have  thus  been  alisolii'teiy  squandered.  Knongh  has,  hicvever  been 
said  to  prove  the  importance  iindVcoimmy  of  having  a  Rood  eada.stral  plan  of 
the  country.  The  maxim  tliat  what  is  worth  doing  at  all  is  worth  doing  well, 
is  eminently  true  of  our  national  survey. 

••  We  may  well  njoice  that  the  Government  were  led  to  take  8  large  and 
enligiitened  view  of  the  (|iiesticm.  and  Sir  Henry  .lames  is  certainly  entitled  to 
the  thanks  of  the  country  for  the  tar-seeing  ability  and  persistency  with  which, 
in  the  teeth  of  much  opi)osition,  he  pressed  and  successtully  maintained  the 
true  policy  id"  executifg  our  national  survey  thoroughly,  once  for  all. 

It  cannot  be  doubted  that  similar  waste  (jf  money  has  in  the  past  occurred 
in  Canada  and  will  continue  in  the  future,  until  the  survey  of  the  whole 
country  is  placeil  in  the  hands  of  a  single  expert  survey  department,  and 
prosecuted  upon  sound  methods.  The  organization  of  such  a  department,  and 
a  discussion  as  to  the  best  methods  of  work,  form  the  subject  of  the  next 
section  of  this  report. 
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Ill.-ON    THE    OROANIZATIOX    OF    A    CANADIAN    SURVEY 
DEPARTMENT. 

,.  .  J^^.  s.VHtematic  survey  of  a  country  niuy,  for  ilescriptive  purposes,  be 
,  aividojl  into  two  parts  the  triaiiirulation  and  the  detail  survey.  In  the  first- 
■.i  named  operation,  the  positions  of  a  limited  number  of  points  u|)on  the  earths 
surface  are  fi.xed  «ith  a  very  high  order  of  pu-cision  ;  and  in  the  .second,  the 
details  «t  the  country  are  drawn  in  upon  the  map,  usina  ihese  Hxed  points  as 
reference  points  the  map  is  thus  built  up  u,,on  i.i.  accurate  skeleton  or 
trame>M.rk  with  the  rcMilt,  when  the  work  is  properly  pianne.l.  that  the  p.  ^tion 
ot  any  mluial  or  artificial  feature  of  the  -iou.kI  is  shown  witiiiri  verv  -.mail 
Jimit.s  of  error. 

ft  is  possible  and  quite  pMcticable  so  to  arran<re  the  exactitude  of  the 
work  timt  these  limits  of  error  are  smaller  tha-i  tliose  arisin;,'  from  the 
expniisioii  „r  oontrnction  of  tlie  piijier  Hfoii  whicti  tlie  maj.  is  printed  In 
other  vvonls  the  relative  position  of  iho  points  <aii  bo  deterniincd  more  accu- 
rately l.y  survey  than  il  would  be  jiossiblc  to  meiisure  them  upon  a  paper  map 
J  his  a^ain  i-  conditioned  by  the  scale  of  the  map.  Thus  if  nv  take  ,  ,',„th  ot 
an  inch  as  Ihc  .smallest  linear  quantity  that  can  be  measured  with  iiccunicy 
upon  paper,  upon  the  scale  of  1  inch  to  a  mile  this  length  represents 
llf,  yards  ;  upon  the  scale  of  4  inch  to  a  mile,  ^5  yards  ;  and  so  on. 

The  requisite  jirecision  in  the  triangulation  is  therefore  ultimately  deter- 
mined by  (he  intended  .scale  of  the  map,  hut  in  order  to  avoid  the  costly 
necessity  of  repeatiiis  the  triaiiirulation  when  the  development  of  the  country 
calls  for  maps  upon  lar-vr  sc.iles.  it  is  well  to  plan  the  work  on  an  order  of 
preciMon  determined,  not  by  tlic  scale  of  tlio  map  immediately  to  be  made 
hut  by  the  larjfe.st  scale  that  is  likely  to  be  required.  "  ' 

llius  Ml  the  case  of  (Jrcat  lirilaii;.  win  n  the  triniisulation  was  staned, 
there  Hiis  no  intention  of  makiMir  a  map  upon  a  larger  scale  than  1  inch  to  li 
mile  but  it  was  most  forlunatel.v  decide.l  to  do  the  fundamental  work  with 
till-  liiyhestd.  glee  ol  accuracy  of  wlii.li  the  instrumciils  then  available  were 
cnpable.  The  'i-iiicli  to  a  mile  map  of  Kii-land  vuis  not  starte.l  till  about 
4"  years  later,  but  owing  to  the  »ise  fo.ethonglil  of  the  original  planners  of 
tl.e  siiney.  tiie  jiiincipal  triiingulation  pr.  vided  a  fiamewoi  k  .iccuMIe  enoiK'h 
not  i,uU  t,,r  tlie  ti-in.-li,  but  also  for  the  L'.-.-incii  map.  which  was  subsequent% 
complei,.,!  over  llie  c  idlivated  portions  of  the  kingdom. 

It  tor  iMise  later  maps  it  hud  been  neeessarv  to  repeat  the  triangulalion 
the  »oik  would  have  been  dehued  for  many  year,,  and  the  co.,t  increased  by 
a  very  large  sum. 

In  the  case  of  Canada,  we  are  iiistKiet'  in  assuming  1  inch  to  a  mile  as 
the  largest  .scale  up  .n  wliieli  the  general  map  ot  the  country  can  be  required 
tor  a  long  period  ot  years,  and  we  may  accordingly  take  this  scale  ai 
determining  the  precision  of  the  triangulalion. 

IVI'orc  discussing  the  methods  that  must  be  adopted  in  order  that  the 
necessary  accur . 'v  may  be  attained,  it  will  Ih'  convenient  to  interpose  ii  few 
remarks  upon  the  question  of  other  possible  iiiean^^  of  li.xing  :lie  fundamental 
points  in  the  surve>  of  a  country  and  to  expl  lin  why  tlicv  are  inadequate  lor 
the  (rurpose  in  view. 

In  order  to  locate  a  position  upon  the  earth's  surface  there  are  two  avail- 
able methods,  tirstiy.  the  aMionomical  mctbod,  whereby  the  -eo-raphical 
co-ordiuales,  i.e.  the  latitude  and  longitude  ol  the  point,  are  fixeirbv^observa- 
lioi.s  ol  tlie  heavenly  bodies,  and  secondly,  the  geodetic  method,  whereby  they 
are  deteriniiied  from  observations  or  nieai.ureinenls  made  from  a  known  iioint 
on  ibe  e.irtb.  .Modern  instrum.'iitn!  rctineme.its  have  brou-ht  llie  an  of 
astrononiieul  oliservation  to  a  high  state  of  pertection,  so  that  it  is  possi^'o  to 
fax  lutitude  and  longitude,  from  asinmoniical  methods  alone,  within  liniiU  of 
error  wbieh  d.,  not  e.vceed  a  lew  feet.  I  hi-  however  is  not  sniricieiit  to  hi 
the  p..|i,;  ;.,„,n  i:,e  map.  All  micIi  oUcrvation-  are  liab'  to  an  iinknot  n  error 
liming  trim  iiliat  is  geueiully  culled  tbe  delleciiou  of  thv  plumb  line,  or  the 
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rror  will,  in  geia-riil,  rise  ti)  li 
t  grounil  it  oftoii  n-acbi's  lar(;e 
11  attains  the  value  of  about 

!■  Cai-L'  Colony  or  the  eastern 
astro  loinical  latitudes  average 


deviation  of  the  spirit  level  from  the  true  horizontal  plane.  This  deflection 
arises  from  three  principal  causes,  the  want  of  homogeneity  of  the  earth's 
crust,  the  distriliution  of  lanil  and  ocean,  and  surface  irregularities.  It  is  quit* 
impossible  to  calculate  or  allow  for. 

As   would   naturally  be  c-tpected    this   ( 
maximum  in  niountaiiiuus  regions,  but  even  i 
dinien.sions.     Thus,  in  the  vicinity  of  Mosc 
Iti  seconds,  or  1,1!imi  feet. 

In  an  nvcrajjc  country  as.  for  exampb 
part  of  the  Ijnited  Slates,  the  err.irs  in  tb< 

3  seconds  of  arc,  or  3ih»  foot,  and  attain  a  uiaxiini.ni  of  about  10  seconds,  or 
1,(MMI  loet,  while,  as  an  example  of  an  extr  deviation  tound  in  a  mountain 
re<'ioii,  »e  may  cite  the  ca^e  of  tin  Darjee'  j;  trianmilatioii.  where  there  isan 
instance  of  two  places  .■>(»  mile.>  apart  with  local  attractions  difterin{;  by 
.■»;S  seconds,  or  rather  more  than  a  mik-. 

Were  it  not  for  this  imtortunate  ilependcnee  of  astronomical  observations 
upon  the  spirit  levi-1,  the  survey  "f  a  country  would  he  a  miicli  sim|ilcr  aft'air, 
and,  it  would  be  p.  isible  to  cany  it  out  by  means  ot  detail  surveys  basetl  upon 
positions  dotermineil  aslroiioinically.  This,  ho-,vover,  is  not  jKtssible  unless  we 
are  prepiired  to  ttilerate  eirors  amounting  on  the  avi  rafre  to  about  100  yards 
and,  in  extreme  cases  to  as  much  as  a  mile  or  even  more.  Errors  of  this 
ma!;nitude  are,  of  course,  quite  out  of  the  question  in  a  systematic  survey,  and 
we  ate  therefore  driven  ti>  ^■ecdetic  methods  for  the  ti.\in^'  of  our  fimdamenlal 
positions.  Of  these  methods  there  arc  two  that  are  practicable,  nan  sly, 
trianKulatinn,  wherein  the  positions  are  fi.xed  by  angular  measurements ;  and 
traverses,  wherein  tliey  aro  fixed  by  distance  and  angular  measurements  along 
selected  lines.  Hither  of  these  methods  can  be  made  to  give  the  requisite 
degree  of  precision,  and  the  select i<m  therefore  depends  upon  their  relative 
rapidity  and  cost.  Uiion  this  point  no  doubt  exists.  Except  in  a  very  close 
and  dillicult  country.  Irianvulation  is  l)y  far  the  cheaper  and  more  satisfactory. 
If  a  practical  proof  of  this  stiitetmiit  is  needed,  it  is  to  be  tound  in  the  fact 
that  this  method  has  been  employed  by  every  great  survey  which  has  any 
pretensions  either  to  precision  or  finality. 

We  hence  reach  the  eimclusicm  that  the  systematic  surve-  of  Canada  ..ust  N-y*i.iir 
k>e  biiseil  upon  positiims  deterniinea  l>y  triangulation.     It  now  .cuiains  to  enter  -'•>    '""k-' 
more  closely  into  th,'  details  of  the  work  as  conditioned  by  the  nature  and  siae  "'   ' 
of  the  country  and  the  intended  scale  of  the  map. 

'I'riangulation  work  may  be  broaillv  divid<'d  into  three  .classes,  ditferentiated  Ueuil*  >■! 
by  their  varying  oid.rs  ol  accuracv.     Thus  primary  or  principil  triangiilation  is  triwiKul*- 
work  executed  with  the  highest  |)ossible  pricisiou  ol  »liicl.      rlablt  iiislrun.er.ts 'I^J'^ 
are  capable;  sc"  idary  work  is  tliat  niicreiii  a  lov\er.  but  still  high.  cle;;ree  of 
precisn.n    is   attained,    and    tertiary,    or   topograpbieal     Inanjit      'on,    is    a 
comparatively  rough  class  of  work,  usc.l  in  geiieial  only  for  tillin.,  ..i  bc>tw<.,.n 
the  points  ol"  the  primarv  or  .secondary  series.*     ( If  these  three  classes  of  work 
it  may  be  noted  that  primary  wi.rk  is  very  costly  and  iis  progress  is  .slow,  while 
secondiiry  work  attains  a  degree  of  accuracy  ain|ily  siillicKnt  to  form  the  basis 
of  a  topograpliical  map.     liniess  therefore  iheie  is  any  probnltility  of  mups  of 
the  country  on  very  large  scales  biing  reipiired.  it  would  appear  that  the  best 
policy  in  starting  tlie  survey  of  a  large  counlry  like  Canada  is  to  plan  a  good 
"backljone"  of  secondary  tiiangulation.t  dili.J  ii,  with  tertiary  work.     This 
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provides  a  degree  of  preciwon  gnfficient  for  the  t-inch  to  a  mUe  map.  which 

rppel'x'K^  ""'"''"'*•      ""'  *'"'•*'"''   '"'«'"'*'"''   »"   »»>»    P«'»t-   "• 

tho  Irm,„*d'?/I'i!"*.'?K  •'"'"'"  K  "'*  ''f.,P«™'"'en»b-  marked  by  stones  sunk  in 
Inv  ,?'"""'.'"'  '*^al  they  can  be  readily  recovered.  It  will  thus  be  easy  at 
any   uturc  time  c  her  to  base  further  detail  surveys  upon  the  same  noint^  or 

wiin  larjfcr  instruments,  " 

plotted  n.  the  hel.l  The  c.mtourinjr  should  be  done  either  with  Abnev  level* 
or  clmomclers  ot  the  In.lia.i  ^'nrvcv  pattern,  uilh  tho  use,  where  necessary,  of 
aneroul  barometers  the  fuMdamen.al  levels  l.ei„s  taken  from  the  tri:;  mo- 
metrien  ,M„„ts.  lI|t.,o.,tely  ,t  will  un.loubte.lly  be  desirable  to  undertake  a 
sene.  o  >nsln„neMlal  le»xMs.  par.ienlarly  a  traus-conti.-ental  line  iron,  sea  to 
Ka^'b      r      ■  "        f  a>'8'li«"  I'antic.  or  possibly  the  Grnn.l  Trunk  Pacific. 


The   selection    ..f   the  sfartinj;  point    lor  the   work 


.ri.,,Kn-       '"7'  "f  neces_s,ty  !,.■  >n  the  most  populous  and  settled  part  of  the  country 
and   where,  therefore,  the   resultin;^   map  is   most    ur^^e,  <-      required        F?' 


tatiiiii. 


I'i'ii,  ti,- 

h.'lll   ..f 

U' ( 

'    1  .,<.;;). 


or 


the  mam  trmnfrulation  the  lollowinjf  |i„es  are  recommended 

Quebec— Montreal 

.Montreal— Ottawa— Sault  Ste.  Marie. 

Ottawa— Toronto— Detroit. 

At  the  same  time   the  work  must,  at  an  early  date,  be  started  in  the  west 
t"n»<l".  say  roimd  W  innii)es:.  and  al.so  on  the  Pacific  t'oast 
This  a;ives  the  following  additional  lines  :— 

.North  and  south    i,    i<r  the  »8th  meridian. 
East  ami  west,  n>  *     tVinuiiK';;. 
Kastward.  from  Vaucou\er. 

Such   a    pi-oH:ramme  of  work,  which  is  illustrated  in  Map  Xo.    I    annexed 

to  this  report.   houIu   take  about    lo  years  for  a  survey  department  of  the 

strenjifh  rccommendc.l  below.  '    "'-'""""f"   <«    ine 

Three  poitil>  in  this  iironrramnie  call  for  special  remark— 

Kirstiv,  it  will  l„.  n„,i,,..l  ,|,„t  at  the  three  ends  of  the  lines  of  trian-ui«. 

tion  rec,m,men.led    (or  the  i„ovinees  of  Ontario  and  (,)..obec.  vi;,     Montreal 

Uni    .f'sta'^'r'"'     ?"''''';  V'^""'^  -"  '-  '•'-"  "I-  I'oin.s  fi-Ked  b'the 
llnit  (I   Slates   (..o.let.c   and    Lake  survevs.      This   will   serve   as  n   valuable 

irt     /■;'.."' ,r'"'"  ''":,;"'-"',-'-•'"'•  »">   "Pl-iable  errors  into  t 
imrt    ot    1..,.    «,„.k     ,n.i.oss,l.le.      Secu.idiv,    the    east   :.nd    west    line     near 
W  inn.pe;,  and  Ih.  .eastward  line   from   Vancouver,   will    lonn   part   of  a  trans' 
com„H.„t,,      serus.    „    ich     „,u.t     eventually    be    conn-leted  VcToss    (Vna.la 
Th.rdlv.   .1,.;   nortl.  an,    south    line,    alonj,   ,he   tl.th    meridian,   will   form  a„ 
ex.ens,.,n  ot   ,),..  ....ndional   arc    uhi,-!,   is  now  l.ein,.  nu-usured  in  the  U^iteS 

States,  the  p.olo„u«tHM,  ot  winch,  thm„sb  Canadian  territory,  the  Domin  on 
Go  crmnen.  I,,,.  alr..ady  been  invited  to  undertake.  It  will  thus  L  seen 
that  this  programme  is  so  iVamed  as  to  n.ee.  both  the  pnsent  and  future 
reqmrement.  ot  t.'u.  eoimtry.  as  lar  as  tho  latter  can  be  fore.'eer. 

'Hie  ultima,     development    of   the  trianyiilalio,,   of   Canada    is  .shown    in 
Uul^}":       •■';'""'■''    •"   "'"   ':'""■'•      ''''''^   l""urnMuneeonte.n,lates  a    lo , Ji 
i"      ',      ;.       'n '■■    '^r'"-"^^''"'"  """ss  CaMada.  innn.dialely  north  of  /he 


i'.tth  I'.-irail 

lo    L'eilcii.!i 

the  |)<n,,j„ 
on!y  nil  ii|. 
ill  :\  il;-t,  ■  , 

Sei-.l!!.:;.!  V     ; 

..'..ill  of  :i!i 


lli,M-oii:p|,.ii,,|i  „t  M„.||  „„  „,.,•  wnihl  1„.  a  valiiabh 


,vl..,l 


1.1 


i-ontribuli(Mi 
t--ftlier  the  w.iric  ill  dilK-reiil  purls  of 
"  >■'  a  mm,.  -a.i>...,.|  ,-v  inaimer  (lian  e.,u:d  iie  altained  byrelvin- 
-.•.■,„.,,,,-v  series.  \.  il„.  .,,,1,0  li,,,,.  i|  „,,,j  |„.  ,|,„,.,|  ti,,,,  -,,," 
■  .  -J.-';-  Miih-v  (he  ;.;-.,ha;He  .i-v  ati.-i  of  th.  r!,,)  .,f  a  oli'iin  ,. 
■'■;  "i-'!ii-ii  p.'iM  r.  uiie  |"-iiio:  isomIn  iiii  _v,ir,i..  ,.,|uiv.ak.nt  to 
■<-■'■■  -i;'  11  l!..  l-M.ri,  x-al,.,  K  ,.  Appeiidi.\  IV. 


I'l 


The  extenBinn  of  the  survey  to  New  Rrimstvick  and  Nova  Scotia  presents 
considerable  difficulties,  and  it  may  be  noted  that,  unless  a  much  larger  annual 
grant  than  is  here  contemplated  is  avnilalile  for  the  hurvey,  it  must,  under 
the  most  favourable  circumstances,  be  many  ycnrs  before  this  part  of  the  work 
can  be  drtne. 

It  is,  at  the  same  time,  most  desirable  that  a  topo;;raphical  map  of 
the  two  maritime  proi.nces  should  le  prepared  and  issued  at  as  early  a 
date  as  prnctieal)le.  It  is  reeommeiulod  that  thi<  bo  aeconiplished  by 
utilizing  the  surveys  made  by  the  OeoloKieal  Survey  Department.  These, 
if  revised  upon  the  <>T()imd,  without,  ho.vcvor.  any  attempt  at  rigorous 
accuracy,  and,  «itli  the  adiiition  of  np|)r<)xinmt('  eimtoiirs,  for  >.vhich  the 
fundamental  levels  eouid  be  fak<'ii  Ironi  the  riiil":iy  jircililes.  niiirht  he  made 
into  a  serviceable,  preliminary,  toposiriipliical  iiiiip. 

The  full  teehniecl  details  "f  the  actual  survey,  both  as  regards  the 
triangulatiiiti  and  topography,  are  set  luit  in  Appemlix  I. 

It  is  of  considerable  im|)ortanee  that  the  finished  maps  should  be  issued 
in  a  I'lear  and  attractive  form.  TIh'  IVdlowing  may  be  taken  as  a  guide 
for  the  principal  details: 

Scale        .  .         •   •     -J  'nch  to  a  mile. 
Size  of  sheets     .   .      1    in  longitude  by  ■"'■•i' in  latitude. 
Proiect'on  .  .     Conical,    with    rectitied    meridians ;    the    two 

standard  parallels  being  so  selected  that  the 
greatest  linear  scale  error  i;,  a  minimum.* 
(.'ontours  .  .         .  .     At  100  ft.  vertical  intervals. 
Colours    .  .  Black,  for  detail  and  lettering. 

Blue,  for  water. 

Urown,  for  contours  and  metalled  roads. 

Green,  for  wooded  area.s. 

As  the  majp  will  be  of  a  permanent  nature,  and  not  liable  to  future 
alterations,  e.\cept  to  add  new  buildings.  roa<ls.  railroads,  &c..  as  necessity 
arises,  it  is  recommended  tiuit  it  be  prepared  by  engraving  upon  copper 
plates. 

Ultimatelv,  as  the  survey  work  develops,  it  will  he  desirable  that  the 
department  should  undertake  its  own  engraving  and  printing.  Fur  the  first 
few  years  this  work  might  be  done  by  private  firms. 

As  regards  the  personnel  of  the  department,  the  following  may  be  taken 
as  the  minimn-n  establishment  with  which  the  work  could  be  satisfactorily 
started:  — 

(h.)  Head-<piarter  olliies,  comprisin;;  — 
1  Superinteiulent. 
1    \ssistant  .Superintendent. 
I   1st  class  assistant. 
1  dranghtsman. 
1  clerk  aiul  computer. 
1  clerk  (stenoyraplier  and  typist). 


Eiteiiaioa 
of  survey 
to  maritiai 
provin<"e«.. 


Techiiic»l 
details  ot 
unrvfy. 

Styli'  ..f 
liiiishect 
map. 


Staff  "f 
Surviiy 
[>epart- 
nient. 


(b.)   ,S  trixonoinetrlcai 


iiari  \ .  i-iitiiiit'isiii;^ 


the 


.'i  Isl  class  assistants. 

1  clerk  and  coiii|iuter. 

"0  labourers  and  laii)])men  {'■<  months  only). 

(c.)  Two  topographical  parties,  each  comprising  — 

2  1st  class  assistants. 
('•  :.'i;d  class  assistants. 

4  lahourers  ('.t  tuoiitlis  iiiilx  i. 

(Thr     Is*,    rl.'ts:"    ;t>>i>i:tnl^    Wiiu'll  do    lire    tiijM'Uirtjt'iM'ftI 
Jnd  class  assistants  the  detail  work). 


trianguliition.  and 


*  'I'll*'  mIii  (i'Tl    '■!'    Itii-    f""<t    t.ri'JK'llnri  is  ..|    IPT  ;.;HMt    ilil  j  i  -I'  atir."  ilS  rpj^iu  ds    tlll'St'   infli  viilti.it 
flhPt'ts,  f.ir  \\tiic-!i  :ill  rO!:it;tl  mi    (i<.l_Vi-.>!|i«-:i!  |.riM''*tt""s  iir'*  s  ■.|>;l.:\     ihf  saillf.       It  must,  IU!Wr\(T, 

Im'  iMtnn'  in  iiMiil  tli:c  -»-in"iiit  mill's.  Ujiti  Mtiiili  sculis,  sii_\  s  luii  -s  lu  ;in  ini-h,  ami  1  :  l,tlUo,iK!o. 
will  Im!  r<>>iuii-ei].  anil  llti'  |>ri>ji>i'ti>ti>  sli  iiilil  U'  ftu  .selftiliHl  Itiiit  tiiose  cau  he  prepared  by  liiivct 
niltti'ti'rti. 


I« 


Aaanal 
«<mI. 


Special 
•^Ublifics- 

UOPN  of 


lutni- 
meiital 
•quipoittiit. 

Aatrouomi- 
cal  work. 

Aunual 
output  u£ 


Ouat  of 
tiiiiitbed 
'i"«I>  per 
t>|  .lire  mile, 
('ouipvt- 
uve  cmc  of 
I -inch  and 
^uch 
•urveya, 


Tr)l!,l  clKt 

(»i*  aurvi  y 


V    -JIJ««"J"?,°*'   ""S.'  ^  *   department  orji^anized   upon   these   liniii   would 
be  (5,000  dollan.     For  full  details,  tn  Ap|)epdix  11. 

As  to  the  special  qualifications  of  the  above  staff,  it  may  be  noted  that 
the  1st  class  assistants  should  be  men  well  trained  in  the  practice  and  theorr 
of  survey  work  and  should,  if  pos-sible,  have  had  some  years  previous  experi- 
ence  in  the  held.  The  1st  class  assistant  at  head-quarters  would  be  chareed 
with  the  duty  ot  the  e.\a  .  inntion  and  final  revision  of  all  the  compuUtiona 
and  must  be  a  good  mathematician  Tlie  2nd  class  assistants  should  be' 
tramod  m  detail  surveying  by  means  of  the  plane  table,  but  might  be  vonnir 
men  without  previous  practical  experience.* 

The  full  details  of  the  instrumental  and  olher  equipment  required  at  the 
starting  ot  the  survey,  together  with  tiieir  cost,  are  given  in  Appendix  HI. 

No  provision  is  made  for  the  Survey  to  carry  out  any  astronomical  work 
It  IS  a>sunied  that  this  could  be  done  by  the  staff  of  the  Dominion  .Astronomer! 

The  output  of  work  of  .such  a  department  would  bo  about  ;!50  linear  miles 
ot  mam  triangulation,  and  7,o<iO  square  miles  of  tertiary  triangulation  and 
topography  t  per  annum.  " 

The  average  cost  of  the  finished  map  would,  therefore,  be  10  dollars  lK^r 
square  mile.  '  ' 

It  will  be  interesting  to  compare  this  cost  with  that  of  a  similar  man  on 
the  l-inch  scale.  *^ 

The  output  of  work  upon  this  scale,  of  a  single  topographer,  may  be  taken 
as  1  square  mile  per  working  day.  In  order,  therefore,  to  get  the  same  total 
annual  oulput  ot  mapping,  we  should  have  to  employ  six  topographical  parties 
ot  the  same  strength  as  before.  As  il,e  area  covered  in  the  year  would 
remain  the  same,  the  triangulation  |)ariv  would  not  be  alfected.  The  staff  at 
head-quarters  might  also  remain  the  same,  except  that  it  would  be  necessary 
to  add  three  urauglitsnien.  •' 

The  additional  staff  required  would  therefore  be  : 

8  1st  c'ass  assistants. 
1'4  2n(l  class  assistants. 
Hi  Inbourei's, 

3  diaughtsmcn. 

The  extra  cost  of  this  stiilf  in  .salaries,  woul.l  be  about  48,000  dollars  and 
the  extr_a  exj.enses  for  transp<)i(ation,  subsiste.i<-e  in  (ield,  map  cngravin./&e 
>'l>out  4.,(MMl  lioilnrs,  making  tlie  total  ad  lilional  expense  'J.-.,000  dollars^' 

I  he  new  department  uouM,  therefore,  cost  ITo.ouD  dollars  per  annum 
and  as  its  output  of  work  »..u!.l  be  the  same  area  of  ground  as  before  i  / 
i,<jii(tsi|uaremiles,  thecostof  the  1-incli  map  would  work  out  to  2;<  dollars 
per  square  mile. 

Some  economies  might  be  effected,  notably  in  the  item  of  map  engraving, 
by  the  act  that  a  larger  quantity  of  «„rk  woul.l  have  to  be  handled  and 
mitiht,  tlieretore.  be  done  at  a  somewhat  smaller  proi^ortionate  cost,  but  it  is 
not  prohaMe  that  the  expiMise  of  a  I -inch  smvey  could  be  reduced  to  less  than 
-0  ...liars  per  square  mile.  It  would,  theiefoie,  appear  that  we  are  amply 
justiheu  in  di.scarding  the  1-mcli  scale  for  the  present. 

The  area  of  the  habitable  portion  of  the  Dominion  of  Canada,  taking  this 
i.s  liinite.l  by  a  line  T.O  miles  north  of  the  (iran.l  Tn.nk  Pacific  Railroad  line 

^■\'"V"-'''>'  '• .<;;<' ';'l"a>v  miles.     The  t.,t..l  ,.ost  of  the  i-inch  map  of  the 

whole  country  would,  therel. ire,  be  10,(»0(MM)0  dollars. 

*  '\  '';";,''•' j"""  **;;''"'  "■«  "'-"r  ■"   ''""  r-|,...t  u,  8.i«K>.»t  the  source  from  which  the 

I*'-'"" »'    '"■  ^\"Y>    '«f "•«',"""  "I"'"'''  I*  tT<«:.a«l,  but  i.  ,,„y  be  remartP.1  that  th"^  i»  »^ 

re.«„n  «  hv  tl,«  »  h.,U.  o    tte  al.„y..  si.ll  „|,„„1,|  „,.,  U-  ..i.taiued  iu  (.Wda.      The   Ut  eU^  JS 

onue  i5J:;?::Ki;;;^;:'"  "^  '^™'"'""  -'  -  «""•'  •"""-"^-  «»>  ■■•— •  q---  -  «^'- 
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When  the  *ork  i»  <>nce  started  upon  -vstemalic  lines,  the  acceleration  of 
any  portion,  or  of  the  wholo  of  it,  would  onlv  bo  u  natter  of  nione.v,  and  mifrht 
possihlv  be  arranj,'ed  U\  an  airreement  on  the  part  of  u.  l*rr)vincial  IJovernraint 
to  Kha.-e  the  expense.  ' 

Thus,  if  any  Provinc  vishnd  to  obtain  its  map  at  an  earlier  date  than 
would  l)e  otherwise  praci  able,  it  could  enter  into  an  agreenicnt  witli  tlie 
Survey  Popnrtnicnt  to  hoar  any  specified  portion  of  tht-  cost,  and  the  latter 
vvould  contract  to  complete  the  map  at  a  specified  date.  A  ^irailar  arranseiiKiit 
miffht  be  made  in  the  eveni  of  a  change  of  scale  bein-f  desired.  Thus,  if  the 
I'r.iviiice  wished  for  its  map  on  the  1-inch  scale,  it  could  contribute  the 
dirt'crcnce  in  cost  between  that  and  the  .',-inch  ninii  which,  as  we  have  sei-ii, 
woumI  bo  about  Ift  dollars  per  .square  mile. 

To  avoid  the  pos.sibility  of  the  staff  of  the  Survey  meetinsj  with  anv 
ob-tniction  from  landowners,  tlicy  must  be  ffiven  a  right  of  access  to  any  place 
in  die  Dominion,  either  by  statute,  or  by  arrangement  with  the  Provincial 
(iiivornment.s.  The  best  nietbud  of  accomplishing  tliis  "ill  presumably  be  a 
(juestion  for  the  legal  advisers  of  the  Government. 

It  now  remains  to  discuss  the  question  as  to  whether  the  Survey  Departuu'iit 
.should  be  under  civil  or  military  control.  <>u  tliis  point  precedent  is  \eiy 
strong.  Pra<!tically  all  great  national  surveys  have  iiccn  carried  out  under 
military  diicction.  This  lias  been  the  case  in  <ireat  IJritain,  Fraiue.  Italy, 
British  India  and  many  other  countries,  and  will  now  be  the  case  in  liritisli 
South  Africa. 

The  only  important  exception  is  in  the  I'niti-d  ."States,  where  a  mi.ved 
system  of  control  i-  adopted.  This  does  not  appear  to  present  any  advantages, 
while  exciusively  civil  control  has,  in  certain  cases,  such  for  iasianfe  as  the 
British  Colonies  in  South  Africa,  resulted  in  a  disastr'>u.s  failure. 

Kor  the  successful  conduit  of  survey  work  a  rigorou*  and  metbodic.il 
routine,  combined  with  a  (|uasi. military  discipline,  is  absolutely  necessary. 

Such  is  best  socnred  under  a  military  organization,  wliidi  will  also  tend  t<> 
secure  economy  in  direction  and  execution.  Tiic  ("aiiadia'i  Survoy  -^Imuld. 
theretcirc.  be  a  brancli  ol  the  military  department. 

In  these  ciivumstanees  it  is  dcsirabli-  that  tlie  stall'  of  the  depardncMt 
siiould  b'  Officers,  a  cun.lition  which  ci>uld  be  resulilv  nu'l  by  giving  tlu'in 
comuiissioiis  in  the  Corps  of  (iiiides. 

The  Superintendent  shdulil  be  a  Coi.nil,  th;  \s^i~tant  S  ipcriii'emlenl  a 
l,if;itenanl-Cc)l.)iiel  or  .Major,  ami  the  Isi  and  -'ml  class  As~istaiits  .Majors  ai.  1 
Ca[i!ains,  or  Captiiin^  and  IJeutenaiits,  rcspeciively. 
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IV.  -SUMMARY. 
The  conclusionH  and  recimimi-mlKtions  of  this  |{e|H)rt  may  be  snmmarizciJ 


1.  .\    toiiofrrftphipal   survey  of  Cnnadn    is  an  urgent  ncceitsitv   for 

military,  ndministrntiri!  nnd  cnjrini-erinp  purposes. 

2.  The  present  method*  of  survey  in  llic  Dominion  are  inefficient  and 

costly. 

:t.  Efficiciicv  nnd  economy  can  he  combined  only  if  the  work  is  »nkeii 
up  mid  prosecuted  upon  those  systematic  lines  of  which  nnivcrsni 
cxpericmo  has  proved  tlie  rahie. 

4.  Tlie  minimum  annual  cost  of  nn  adequate  survey  department  wonld 
be  "•".••••O  dollars. 

;".  Such  a  department  would  complete  the  mappin-r  "f  'MX*  snuiire 
miles  of  country  on  the  scale  of  J  inch  to  n  mile,  per  annum. 

(i.  The  Survey  Department  shoulii  he  imui  r  milit.nrv  direetion  ai»! 
control. 


i;.  H.  IIIM.s, 


3<>/A  Drremher,  lOo 
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APPENDIX  I. 


TKCIINICAU  l»KTAIt,S  <>K  8UHVKY   WOUK  KEt^oMMEXDED  "-'OK  THE 
SUKVEV  OK  CANADA. 


Main  TwAMiri.ATiDN  Sehies. 

ItiiwM  to  In'  i  til  4  niilcH  Ion;;. 

MiiiHiin-  vvitli  t»ii  iiidcpiMilfiil  suIh  of  < 'lieMt.  inmn  stfti  ta|iii". 

Stictili  i.iirli  liMif^tli  ti>  u  iiiiifnrrn  tc.|i»iiiii  iil'  li  llw.  cni  to  ;i  Hut  lioiiril  (.ovcrttl  with 
11  (.111  it  lit'  zirir.  .Mink  tlir  iinl  nf  iiirli  liiintli  witli  ii  kuil'i-wiatili  on  tliu  iiii.'tnl.  Tw 
4t»li-rt,  tiipr  lit  lir»t.  thin  liKl-l't.  tiipi-,  ^iinhmtiMl  in  siiiKl'"  I'-'ft.  i>"'l  cunipliti'  hiKt 
fniilhiM  of  .1  tout  with  iliviiliis  anil  iiii  miliiiiirv  snih..  Mi'iiNiin-  fonr  tiiui's,  twice  oiiili 
Way.  working  in  niorniiiKs  imil  ivi'iiinRs  milv. 
Corri-t't  nn'iiHiiri.nii'iitM  Cur- 

(o.)  llediictioii  to  Htnndaril. 

(h.)  Incliimtion. 

(<•.)  Temperature. 

(rf.)   Ileisht  above  wa  Icvil. 

.Mark  larh  riiil  nf  liasi-.  |iiniiaiii  iitly,  with  hi'avv  mark  «tiini-,«  on  f.urtarr  an.l  almi 
lUii'thir  pair  of  Mtoiiex.  phinili  Ik'Imw  ihe  nppi-r  pair,  i  fi'it  Ii  iiirhen  hulow  surfaie  of 
^'roinul.  The  iictiial  ninrk»  on  the  utoiiiK  hIhuiIiI  he  niiide  hy  ilrilHiiK  a  hoh-  which 
i>  tilliil  with  hiiil.  Cut  a  ciomk  on  the  leail  to  mark  actual  centre,  ami  iiIho  cut  liiiCH 
on  till'  stone  ho  tliat  the  centre  can  he  recovered  if  the  had  disappears.  Fence  in  the 
eniN  of  the  lia»e  and  phicc  in  charge  o(  a  reH|Hin»ililc>  person,  [t  will  probably  he 
nicesKary  to  purchaso  for  thi-  purpose  two  siiiall  plots  i.f  (ground,  say.  ill  feet  sipiarc. 

There  is  no  objection  to  a  si-ries  of  uniforni  slopes  in  the  base,  but  no  sii);  must  be 
allowed  on  any  section  of  the  tape  durinjj:  niea»tu'enieiit. 

There  is  no  objection  to  a  /Kiiiioii  of  the  Iwse  beiiiK  alon^  a  railroad  track,  pr.wided 
the  ends  arc  quite  clear  of  it. 

The  |irol>alilc  error  of  tin-  mean  of  the  measurements  must  not  exceed  one  part  in 
.M  I.I  II 11 1. 

Bane  e.et^nnifin. 

Kxteiid  bnse  by  wclI.eoiiilitiiHicd  triauRles  to  about  ..'(I  miles,  makin;;  twice  a» 
iiiaiiv  rcadinijs  nt  •  aiji  an^h  as  in  the  ordinary  triansuhitiiai.  and  observiiij;  at 
iii^riit  only. 

SidiN  of  trianj^Ii  s  to  be  Id  to  lid  miles. 

t's.   TroiiKlitoii  i.t  Siinm^'  S-inch  micronieter  ii;ic  rnsi  ope  theodolites. 

Oliacrvc  to  linniniiiis  Binnals.  lamps  i.r  hdios.  (prcfi-ral  ly  Indian  Survey  pattern). 

Ill  cases  where  |ilatforins  an-  necissary  their  nature  will  depend  upon  Inial 
ciiii.4ili  ratiiins.  Thus,  in  a  wondcil  cniintry.  ■  iili"iirk  piers,  leade  of  lieavy  hip*,  could 
readily  be  erected.  \Vlii  re  tindur  is  not  available,  brickw  ':  piers  iiii};ht  have  to  be 
Usui  ir.  possibly,  a  st.'cl  frame  pii  r  mislit  be  designed  ".I  .  would  possess  sutKcient 
rii;idilv  and  at  the  same  tiiin'  taki-  to  pieces  tor  iran  jiortatioii. 

The  iNperiiincs  of  the  ( ieoditic  Survey  of  the  I  niteil  States  and  of  the  Survey  of 
liiilia  Would  be  of  assistance  in  this  matter. 

Ill  aii\  cas. .  lA.  ry  luihavoin  should  1h  mail,  to  avoid  tin-  necessity  for  usin^- 
plattoriii>. 

Make  four  rcailiii^s  ol  each  station  on  each  microscope,  (.c  — 

(...)  With  zero  at  aliic  •  <l  liepees.  tin  .   ri^jht  and  lell.  swin-  right  ami  left, 
i/..)  With  /.I  lo  at  ;ibout  :'.."i  degrees  :  repeat  readings. 
l.-.)    With  /.I  lo  a'  alKiiit  rii  degrees:  •.epeat  readings. 
:./.)   With  '..lo  at  about  lli.">  degrees  :  repeat  nailings. 

Mark  '  ach  station  witli  siirlin-c  and  sunk  maik  stones  as  wUli  ends  ot  Imsc  and 
plac.     ill    iliar;;e  ol    a    lespoiisiblo    person,    but   the    points   need   not.   in    'jreiieral.   be 

I.  111''"!  in. 

I'riiit  llir  liiagraiii  of  tri.iiigiilaliiiii  compliteil  each  year,  which  must  li.ive  on  it 
tin-  following  iiifnrma'iiiti  : 

lleseription 

I.Htitude  .. 

I.oniiitnde 

Height      . . 

Length     . .  .  .    ' 

.\ziniufh  .  .  . .    V'l  each  siih 

h'cvcrst!  azimuth      J 


of  each  station. 
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Keep  a  inauUM-ript  copy  ..f  tht-  lull  <l.tail«.l  .Itsi  riptioii  of  eutli  statiou,  L'ivii'k'  all 
p^ble  infoinmtioii  whi-h  will  lacilitate  itn  r.cvcrv  at  any  fiituiv  time,  in  c.iitrnl 
omiie,  and  a  Hecond  ropy  in  wnt'u  ciwtiMlv  clsewlnTu. 

The  average  triaiiKular  error,  allowing  for  Kpherical  ex.-ew,  iinut  uot  exie.d 
.1  seconUH  ot  art-  * 


Atlrotiomieut  wuri  {to  be  done  by  Uounnion  Astronomer). 

Tlie  prinmrv  l>u»e  iuukI  bo  geodetically  cniiecteu  with  Montreal,  of  which  thu 
position  18  W..I1  hxed.  both  ..»tr„noiniLally  and  by  the  Tnited  States  geo.letie  survey 
I  he  ..nlv  astrnn.Mnical  work  neeeNsary  at  liret  will,  therefore,  be  the  azimuth  ..f  the 
base,  h  or  all  other  bases  the  azimuth  of  the  base  and  the  latitude  and  longitude  of 
one  end  must  be  .letennined  with  the  highest  a.eura.y  attainable  with  the  instruments 
at  his  disposii  I. 

Latitude  preferably  by  zenith  teleseofie. 

Lonpitu.le  by  tele/iraphii;  .xehaug.'  with  observatory  at  Ottawa  or  .Montreal 

Azimuth  by  eire«ni|)olar«  (4  nights'  observations). 

It  would,  in  addition  to  thr  above  work,  be  very  .hairable  to  determine  tho 
astroiioniieal  latitudes  of  as  large  a  numliei-  of  the  principal  triaiiL'ulation  points  as 
poiwible.  I  n  1  • 

TOPOOBAPHICAL  TRIA.VBIM.ATION. 

This  will  be  a  ei.ntinuoiis  network,  covering  the  whole  area  surveyed 

Sides  of  triangles  to  Im^  N  to  li  mihs  (for  ^  inch  to  a  mile  detail  survey). 

Lse  Troiighton  &  Simnis'  ."i-ineh  niierometer  theodolites. 

Observe,  either  to  Inlios.  or  signals,  tho  latter  to  be  in  the  fonn  of  fonr-hiru'ed 
treaties,  with  an  npright  poli-  at  the  t..p,  l.l  to  iO  feet  high. 

I'latforniH  . .  . .  ^  v 

Diagram  of  triangulation  ..  L-^"*<*^''ven  above,  in  case  of  main  triungulation. 

Description  of  stations       ..[     apply  verUtim. 

Make  two  readings  of  each  station  on  each  microscope,  one  with  zero  at  about 
<t  degnes.  and  tlji   sei mid  with  zero  at  about  ;<.'i  degrees. 

Plaee  sunk  mark  stones  at  every  station,  but  it  will  not  be  practicable  to  take  any 
in.  re  elaborate  preeantions  for  their  lei-overy. 

The  avirage  triangular  error  should  not  exceed  1'5  s^c-onds  nl  an-. 

Dkt.vii.  SlliVKV. 

lse  ^4-iiich  by  l«-ineh  plane  tabl.s.  weighing  alwit  l,i  lbs.,  with  l-Wnch  ali<la>les 
anil  b-HK-h  trough  eompasses. 

Til,-  lirilish  s.rvi,-.-  pattern  iilain-  t.-il.h-  is  not  tliorouglilv  s^'tisfai-torv  •  a  new 
p.i!terii  IS  now  ben,-  i-.sp,iinient.-,l  ,vith.  It-ference  slioiiM  i„.'i„a.h  to  tli."  S,  hool  ,.f 
.Military  Kngin.-eiiiig  befon-  tlic-se  are  piir.-l.ase.l.  l!  is  of  ih,-  utmost  ii,  .„taii<-.-  to 
laveg,,,,,!  ,,|„,„.  tables:  the  rai.idily  and  aerurary  of  th.  topography  maiiilv  d.-pend 
^.j' -11  tliem.  I  el.s,  uj.i,-  siglit  rules  liave  not  l.i.-n  iise.l  in  India  or  HVitish  .\Vrua  It 
las  lM-,-n  ,onsiil,nd  that  tl,  y  t.ik.- awav  In.,,,  |l„.  Hiinplieitv  of  tin-  plane  tabic  with 
'•n:  little  i,-,.i„p,.,iKHtiii-  advanl.i-,-.  Th-v  liMv,-.  howcver. ■b.-.-i,  ,i,cd  in  the  rmt.-.l 
>t;;  1^.  so  that  it  Would  U-  vv.ll  to  k. .  p  an  op.  ii  inn.d  upon  ihe  ipi.stion. 

For  contouniig.  ns-  ,  ith,  r  .M.n.y  I,  vc  Is  or  Ii,cli;,ii  patt-rn  c-lincjmc'T-  and 
.iw  i-oids. 


TliH  IslK.ur  invcilvfxl  in  t<ljtl^tillg  audi 
ekda  pipeuililuie  ol  liice  sial  luuue;-. 


.V  I'  «»t  m\u*ttm  is  probably  not  worth  ilw 
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ANNl'AL  COST  OF  OAXADUN  SURVEY  DEPARTMKNT. 


i  Sunilier 


I 

SiiperiiiU'iidiMii                        ..          ..  I 

AtHiBtanf  SupfriiiU-ndiiit      ..         ..|  1 

Int  uIms  UHiHinriU     ..                      ..j  >4 

2iid              ..              '  1- 

Clerk* » 

hrsui^^taiuaii  .            ..          ■•          •■!  ' 

l,»boiirorH(9  niDiitlw  imly)  ..         ..i  W 


Annual  salary. 


Amount. 


lUilfi, 

l..iiM.l.,llar-. ».<>«» 

i.mm      „                        ..          .<         ..  MO" 

I.WJti      „        lisiun  111  2^(10  dollars    ..  14,40(1 

l.lKMi      .,              ..         \.bOii      „        ..  12,00(1 

UtHi      .,              if,70l» 

1,800 l.W^' 

iU)      ,.        per  ii.onth            .  •          . .  7,5<>0 

Total 4.'.,460 


KSFENSES. 
Trftiia|iortatii  >» — 

KKI  ilollnra  per  Biiiium  |RT  man,  t'.ir  19  nHsiHtiiiitK     ilola.       <l>iU. 

an.ll.lerk  -V"' 

1,000  dollars  per  iiiirmm  fnr  Superiiitoudcut  auil 

AlKiHtiiiit  Sniieriiiteuduiit 
Lampmeii  and  lulu  uirorM,  Hiiy 
liiHtriiniiMitH  null  lamp  ei|iiipmi'nt 


Siilininltrnuo  ot'  purtiis  in  the  tiild — 

1    dollar  per  dav  per  niun.  fur  iO   men  tor  .V) 

weekH        ..      ■ i^^«> 

l2dollan<pernioiitlip'  rlalKiiirer.foriM  lal>ourers 
lor '.t  Miontlw        IWsil 

Stationery  and  liimko     . . 

JTpkeep  ami  niuiir  of  inKtninn  iit»  and  ii|uipnii  lit   . . 

Drawiim  offie,' Biipplies  . 

Tcle(fram"  and  p  iHta>;e. . 

Copper    plate    engraving;    and    printing,   'i    »lieets  at    I..VHI 

dollant*. .  ..  ..  

<!liart  paper  for  map  printing  .. 

Ereition   of  triRonoinetrical   station*,   inali  rialK    and    .  xtra 

labour,  cay.  Ill  xlalioim  at  .'ill  dollaiM 
CoutiiiKeneieK,  wiy         ..  ■• 


1,00« 

oiKl 

.■MNI 
__.         ,|,lkV| 


T.'.iL'l 
501' 

l.iHio 
iim 

,">Oil 

ll.OtHI 
I.IHHI 

i.lHKI 
It.lMMI 


TotuI i'.'.U'i 


Sl'MMAIlV    111      TinAlA 

ilnia, 

Salariw 4.'i,4li«» 

KxpenwH i'Wn 

Total T4..-.S4 

Say         T,").00tt 

With  a  wli^lit  ri-e  in  later  yeam  due  to  inonaae  of  Haliriiti.  * 

III  the  aliove  I'Btiiiiati   no  allowame  i»  Inailo  lor — 

lielil  of  olllii •». 

Kiel,  LJa^,  and  i'i,M[iM'  eiim-nl. 

niliei'  linnilnie  and  (iltinnH. 

•  'I'liia  iiiHoiiiit  i»  hiwil  "poll  Ihu  priie  eurreiil  in  l'an»d».     If  sent  to  Kb({I»iiiI,  th«  w<ilk 
iilit  Iw  Juue  al  aUiul  ball  tlii«  i'o>i. 
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It  would  not  be  necenary  nor  deaimble  to  obtain  the  whole  of  the  staff  of  tha 
Bnrrey  Department  in  the  prrt  year.  A  proirreanve  system  shonld  be  adopted,  reaching 
the  ftiU  establishment  in  the  second  year.  Thus,  in  the  first  year,  there  would  be  to 
pniTide  foi^— 

Head-quarter  offices        ~l  »        ,    , 

Trigonometrical  party     j-fo' whole  year. 

One  topographical  party,  for  H  months. 

In  the  second  year,  full  establishment 

The  total  cost  during  the  first  year  would  be — 

Salarien. 

(IdIs. 

HupenntimJeut  uud  Assistant  ^Superintendent  (whole  year). .  7,000 

4  1st  class  assistants  (whole  year) 7,J0O 

8         ..             „           (l>  months)            1,800 

HindclasH      ,.           (         .,      )            3,u00 

2  clerks  (whole  year)      ..          .,          ..                      ,,          ..  1,800 

20  Inboiirem  (!>  monthH)    .            . .  5,400 

'*         .,          (4       „       ) '  9«0 

Total «7.Hi0 


KXPE\SES. 

Transportation — 

loo  Jollurs  tiLM'   .'Ilium  per  man  fur  3  assistant*  dels.      Juki, 
and  une  I'lcr .   iiir  whulu  year,  and  8  assistants 

for  6  moiithK        . .          . .          . .          , .          . .  800 

Superititpuileiit  anil  Assistant  Superintendent . .  1,000 

Lampinni  iiiiil  lHl>oiirrrH,  say        . .           . .           . .  SOU 

Instniiiit'iitn  mill  camp  equipment           . .  ;«K) 

...  *•*«' 

iSnlwisteme  ot  partie*  in  the  field — 

1  dollar  per  day  per  iiiuii,  fur  4  men  for  36  weeltH 

anil  ><  men  for  174  weekK  ..  .,  ..       l.ittiO 

ID  dollars  per  inoiitli  perlaliourer,  furiOlpb  mrers 
for  !i  iiiontliK  ami  K  fi.r  4  months  ..         ..      2,,'i44 

4,.i04 

Tele^^niM  anil  postap>. .  ,.  ,,  ..  ..  ^m 

Kreetion  of  tiip>iiouietrieal  utiitioiis  ..  ..  ..  ..         i.iHMt 

Expenses  of  liHNe  iiieanurenient  ..  ..  ,.  ..         j.OOO 

Initial  eost  of  oiittit.  KK  [ler  .\ppeiidix  III.     ,.  ..  ll.VM) 

(yontingeiicies.  nay         . .  . ,  . .  . .  , .  . .         2,0(H) 

ToUl 24,7m 


SrMMART  OK   TilT.SL>. 


HalarieH 

KxpcitMeK 


r.ital 


ilols. 
27,ir>o 
24,704 

.■|l,8ti4 


The  Survey  |(e|iai1iiieiit  wmilil  niiike  a  Hiniill  uniiiial  profit  Iimiii  llie  niiIi.  of  mapH. 
It  is  inipiiKwlile  to  pruliet  what  thi!.  wi.iiM  anioiiiil  to,  iiml  im  all  wiun  i-  lian  lieen  made 
fur  it  ill  til.   Iiiii-guliidt  eHtliiiati  «. 
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APPENDIX  in. 


INITIAL    COST   OK    INSTRUMENTS.  CAMl"   EQUIPMENT,  BOOKS    AND 
STATIONEKY  REQUIKEH  FOR  CANADIAN  SURVEY  DEPARTMENT. 


He.\d-Qpabter  Offices. 


N";u.ul:^„.      -T"'''- 


sjuurcc  of  Hupply. 


Ik.iTRI'MKST^  I 

Ifc.iirii>si|r»»iii(f.  42-iii.  by  ill-ill.     ..|  i 

I'onipaHs,  beam,  26-in.           ..         ..  I 

„        proportional,  tuiii...          ..<  1 

ItistniiiiiMitH,  (It-awiii^            ,.lH>xeK  2 

Mar-pitiiM  w&Wrt          ..         ..      '^etH  2 

l'«iilu)frapli,  2-l'i.  I'l-iii.           ..          ..  1 

\'ti:Me\  rulers,  18-iii. 2 

Proir.M'lorB,  bi'Hrtp.  ciivitiar.  il-iii.      ..  2 

.■^•al#».  plottinj^                      ..          ..  *> 

Strai^ht-eil^eN,  all-el.  :t-ft.    ..          ..  2 

T-K  ;a»P""»,  42-m ,  2 

Total          ..            ,,;  .. 


KfHlKit. 

ioifarillini  Tatilef,  ."'liortre'le            ..  2 

„                      ('luuuburii            . .  2 

\V(i4t>n'(*  To|H>{^plncitl  Surveying, .  1 

l-ielil  Sketchin);,  Malillnl  of  . .          ,,  i 

To|i..)frRphinil  Survey,  Text  InKik  of  ,  2 

NHiitical  .\lni;ina(*      ..         ..         ..'  4 

Sinvey    lablef.   .SIhhiI  of   Military  2 

Krtirineennjr. 

IVupplHelM,  variouM,  ditto                   ,.'  12 

IbiTKllaiok.  Trieoiioinetrical  Kruieli,  I 

.survey  of  Iiiilia.  ' 

ilHticllHnik,    To|n>(.'raplnral     Kniicli,  ^  I 

iliiiii. 

Auxilurv  tables,  ilitio            ..           ,,  1 

\  .,U.  I.  and  II.,  f  J.T.  Purvey  of  India  i  I 

l..»i  Anninil  lte|>ort,  ditto    ..          ..I  1 

I'liioivi-net'f*     .\slronouiv.     Vol«.     1. 1  1 

uhIII.  i 

INlnri  oh  (iiHHkiic  Survey  of  South  1 

.Afriea 

lo'iioil  .in  (!i'o.|elii'audTo|ioKrapliic  I 

.survey.  riiiie«l  ."Elates. 

lliiitH  to  Tiavellers I 

lotai             ..;  ,, 


X   $.  il. 

0  10  0 

1  16  o 
(I  16  0 
3  16  6 


1°    I.  </. 

1     II  II  ArmvUrduauce  Uepurtineiii 

1   16  0            "    „ 

0  16  U                „ 

7  13  (I  W.  H.  Harliug,45,  Finabury 
I'avBuiDUt,  K.C. 

II     6     O!     U  12  0  .\riuyUrJiMn(»  lieparliueni. 

i     H     0       i".     «  (I 

0  12     3       1      1  C 

0  11     M       ;     :l  t 

U     2     0       (I  12  (I  W.  11.  Harlini: 

<l     7     6  ;     U  IJ  (I  .Army  Urdiiaiiitj  III  |«riiuoni. 

0     3     1)       0     7  6                 .,                    „ 


2  II  II 

(I  4  (1 

II  1.'>  0 

II  ;<  II 

II  .'l  (I 

0  2  6 

Five 


II    •;    (I 
II    I    il 

II     4     0 
Fnw 

I  10     II 

Ftw> 
Fiw  (?1 

II  l.">     CI 
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4     II    0     Any  bookseller. 

0     V     (I 

0  1.".     0  „ 

II     i:     0     II. M.  .Stationery  OIliu-. 

0   111     (I 

0  III     II 

S'hihil  of  Mililaiy  Kuj^itieei  - 
in^',  t'hatliain. 

II     6    o    ."^nrveyor-tit'  eral  t,i  lndi.i. 

Calcutta. 
0     4     (I  „  „ 

0     4     0 


II    J.      II.      I.ippinniii.      IViil- 
adel{ilita. 
II. M.        Astroni'lner.        l'il|H- 

Town. 


ii  i:.    II 
'.1    '.I   II 


lloval  liet»nrapbieal  .SH;ii 
i.;      iU.  lioM.  \V. 


So. 


S«mn-«  of  supply. 


SrATIOMCKV. 

I'»(i"i,  \Vli»tuian'>  draw  ii])r.  double  elepliaul  ..  slat  Is  .lo 

lo^HrithiM                             ,j             ,,  .  .  (plires  K 

.,    lia>  iiii,'.  contiuiious  roll,  3l>-iu.  wide  ,,  ,.      yil».  ,  'iH 

„     st'ftion,           ,.           *  ,.              .,          .,  ....  "'11 

.,     loolu'iip,  white, .         ..          ipiires  liHt 

„     note,  ollii  inl ..  ..        „  HiO 

S(*««t<-li  Isuiks.  vaiions  siujN ..          .,         ..  ..         .,'  'il> 

Nnvel'ifKNi,  varioua  sijuiN         ,,         ,.          ,,  ..         ..i  2,i>0tl 


24 


y<l». 


Statiokeby — conlinued. 

('loth,  traiiiif;,  rontinnous  roll,  36-in.  wide  . . 
Pencils,  variolic 
PeiihiildiTH 
Pet «». 'l|-awiii^ .. 
Nil*,  writinjf  .,  .,         ,,  ,.  .,       ,,     j 

„     (It  Hwinjr  . .  . .         . .  . .  , .  . .       ,      I 

|l|a-Mg|iill» lK)Xe» 

Diaa.. 

NoIbImhiI^ 

C/olotir  l>  xi>    ,,  ..         ..  ..         ,,         ,.         ,,| 

KniveH,  f>i>ti      ,.  ,, 

■•       P»|i' 

!'ci»'«)r» pairs 

Strinj; bails 

J»V reels 

Indiarulilwr      ..         ,.  ..         ..  .,  ,,  pieces 

I'ap.-r  » ei;;lit» . ,  ..         ..  

,.     la»tcii<M>  buxes 

..     p«iK-he« . .  . ,  , ,         , , 

liidiarul>li<>r  stampH.  various  . . 

Maucvrs.  ink  and  painf 

Ink,  Iniliaii stickii 

.,     iiiircins" l«j|tles 

I'aal*! 

<!liip       ..  lbs. 

••     l"I  

KiumIii'S.  |«inl 

tfnni ' 

tflne 

Iiiiifn.  luiHiiiiin);,  l*-in.  wide  ..  ..  ..         ..     vds. 

*'Hlciilntii>n  f(iriu!4.  varions      ,.         ,,  ,,         .,     *      . 


)0n 

20 

4 

a 

6 
t; 
<; 
2 
A 
:< 
4 
4 
4 
12 

12 
24 

■t     I 

■J 

r, 
24 
12 
24 

.1 

n 

12 

1 

24 

f, 

i; 

2.~>ii 


Source  of  snppl;. 


1,(K1(I     i  .School  of    Military    Knv 
I     ueering,  Chatliani. 


Total  <-uHt,  i*av 


4(»;. 


Sl'MMAIiY    K>K    HEAD-glAKTKRs. 

f       >.  d. 

hiKtriiiiirntR     ..           ..         ..      21      T  4 

HcMika               . .          . .          . .        y     !•  II 

Stjitiiincrv        40     (I  (t 


Totnl 


70  k;    4 


Thiooxomkthii  Al,  1'autv. 


No. 


Price 
in  lyuiilon. 


•|"l.-.l. 


Sunn*'  of  suppK. 


l\»»rnl  MK>Ts.  I 

Theodolites,  niirronreter  niiiTow  ofr,  i     2 
«-inrli,   rendiriir   to    1     are,    otijei't  I 
;;la^s    \\     ifirlie..*,    totrjll    lrrt(;tli    1::' 

inelief*.  Willi  liraeeti  stand,  Kijf.  n  in  ' 

eatalojrne.  | 

leather  tJaciyin^' easi-a  .,  4 

la'Vel.    ro4iiie*M     reversihle,     12-infli.  '■      I 

witlionl  ("nipiiss. 

b'VeN.  Bluve.  Is-fl .         2 

Lamps,  n'Hiiior,  |KiralM)li<',  Snr\e>  of ;  lit 

India  ptitiern, 
lleliotri  (K's,     H'in.     Inilian     |uiiU'rn,  j  10 

for  u~'  Willi  iliiio,  ' 

'I'aiuw,    sU**'!,    ti'O-tt.,   I 'hesierman's  I     2 

-p"-::ii,  !-: 


f      >.    ,1.  '  £      ,.   ,1. 

HID     II    II   I'dii     II    II     Tiou^litoii     &    Sininis,     l.W, 
'  Kli'et  .XlriH't,  K.r, 


I     on'   |i;     0     II 
»:<  10     o      i:l   III     II     T.r.K.keASona,  HnekiiiKliara 
Works,  Yurk, 


>7     o     o      7ii     o     II     (',,11 


Ta|«»,  sle<'l.  lull  It,    . . 
Tlh^tiioiiii'l'  f.  III  lined  tirasfl  tulie^  ., 


Ill  In'  made  [(H'allv. 


TelWlo)Hs,  M  I'M  m  it's.  I  wo  eyi'-pieifs. '      ,1 

|S'Wi'is   I'l  and   ;!,'i,   2.ini-li    "I'jut 
Iftbss.  Willi  stalitl. 


li     o     0       1L>     II     II     Chesleriiuili,  ,<lielKeld. 

I    III     II        i;      II     II  „  „ 

o     7     i;        I    111     II     r.llloll  llloiliers,  :li!,  I.eiii  Kiel 

.•^tiiiiire.  \V,C, 
'■>   10     "      lii  111     U     ,1.  (I.  .Sie.iard,  40(i.   Sit.iii.|. 
,     W  .f. 


35 


No. 


Price 
ill  London. 


Total. 


Source  of  supply. 


Barnineters,    aneroid,    24-ui.    (with 

Kew  (vrtilicateH). 
Tin  tulx's  for  niiipH,  .'}l-in.      . , 
Mtationery  Utxes 
(^mpM,  lmir«-eyo  (If  cycle     ., 
Ilelitt^rHpliH,  5-in.,  Mark  III. 
Plant*  tul>le.t,  24-in.  by   30-in.,   witli 

e'ovtMs,  !*i(jfbt  ruU'.-t,  und  compaRttctt. 

InHtnnneuti*.  drawing-,  in  leather  rolls 
i'hiiins  . . 

Arrows.,         ,,  ,,         .,      i^'ts 

Ituardn.  drawintr.  42-in.  by  29-10. 
Parallel  rulers.  18«in. . . 

Straitrht  eii>re,  nteel,  3-ft 

Cum[iaM!i,  beaui.'J'Mn...         ..  ,. 

Total     . . 


I'amf  Kqi'ipment. 

Tent«,  ;»-ft.  by  0-ft 

Ob»er\'atory  tents 

Mews  boxes  and  e.iokinjf  utensils,  {«y 

Canip  tables     . ,  . .  ..  ,. 

IndiarubU'r  sheets 

Boxes  for  small  stores 

Camp  stuves    ,, 

Cottkin^  Htovef*  ..         ,,  ,, 

Hurricane  lamps 

r<antenis,  sijuare.  in  tin  casea  . . 

Camp  tK'4i8        , .  ,,  . . 

Beddiny  and  valises,  sets       ,, 

<'iin)p  ciiaifK      . .  . .  .  .  , . 

Tcols,   felling'",  cuttin^f.  dig'g'injif   and 
tnfi  suns'. 

Total     . . 


£  ... 

2  9 

0  « 

2  it 

0  5 

H  18 

7  0 


2 

1   13 

II 

2 

0     7 

« 

:! 

1)     0 

-H 

J 

0  10 

0 

■/ 

0  12 

3 

1 

»    7 

6 

1  i 

1   Iti 

0 

f  ».     d. 

4  18    0  I  Short     li      Mwon,     JUttoii 

i     (Jarjeu. 
1     4     0  :StanlcvA<^>.,  Great  Tunistilc. 
12     0    0  ! 

1   10    I)  !  I.uc'al. 

S.'i  12     0  i  Army  llrriiiance  Uepsrtnwiit. 

2«     0    0  i  Armj    Ordnance  DinpartiBeit 

(tliroii^li  ScluKi!  of  Military 

j     EiiffiiiwrJLg). 

3  III     IP  i  Army  Ordiiancc  Der«rtiiient. 


H  i  12    0     0 


1.1  0  II 

0  12  ti 

II  7  0 

0  10  0 

2  0  (I     Ifi     0    (I 

4  u  II    It;   u   ti 


0  in 

II  ■ 

0     2 

H 

1     0 

II 

1     4 

fi 

0     7 

6 

1   1« 

o 

433  15 

2 

9(i     0 

0 

;to   0 

0 

20     0 

0 

2  10 

0 

1  11 

0 

4     0 

0 

0    0     Local:    ur    from    Silver    & 
Kdttiiigton,  «7.ConihilI.  E.('. 

•»  »i 

IxK'al. 


0    3 

0  II 

1  7 


1  I  II 
8  li  II 
.1  1"    0 


3     0     0     12     0     II 

II  lU     ti  ,     :l     3    II  j 
2il     II     0 


2:ll     1     II 


BiKlKS. 

[jO^aiitliii.  TaltU'H,  Shortrt»ile.,         , , 

,.         OlalnU'is 
Harl.iw'- TnMci  

Wiltini'n  'l'"|>itpri»iiiiiral  Siirvcyih^ 
'ropif^riipliical  Survt'V.  Tt-xt  Itimk  of 

Nniiii«-:il  Almaniw        .. 

Smvfv    T'ilili.,«.   Sili.Kil   of    Militiiry 

Kn^iin'iTtity. 
i*tiiii|>lilrt.«,  v.-iriuuM,  ditto       ,, 
Iliimn'rHik,    rii^(»iioiTirtrirnl    Hrinich, 

Survry  i.f   hi'liit. 
Aiixilitti'v 'I'ldili*!!,  ilttt'i 
VmIk.  I.",nd  ll.,ti.T  Suivi-y  nf  IimUh 
Last  Aiiiiiiitl  ltt'|Kirl,diti<i 
I'liaimMi.  I's  Asiitiiinniy,V.il>.  1,  and  11, 

Keinfrt  oil  <t«H>d(>1lc  Survey  of  South 

At'rira. 
Kt'IHtr.  on  tttMHietir  and  Topo(^tiipliic 

Survey,  IJiiiipd  Slnti'H. 

Total 


4 

2     11 

0 

H 

0 

(1 

Aiiv  inKpliwdler. 

4 

0    4 

i', 

II 

IS 

II 

2 

0    s 

ti 

II 

7 

II 

,, 

2 

<i  ::i 

II 

1 

111 

(1 

3 

II    ."i 

(1 

II 

]'t 

II 

lli»      M^jeBiv'-      Slatioiiiiy 
tim-e. 

2 
1 

0     2 

i; 

II 

.> 

11 

Scliool  of  Military  Kii^'iii.i'i - 
ill);.  C'liatham. 

Z 

Free 

M                                 « 

•' 

II     ij 

II 

<i 

l". 

II 

Siir\evor-(ieh(-,iaI    of     Iiidi.i. 
t'akniila. 

;1 

0     4 

n 

II 

12 

II 

.. 

1 

Five 

M                                                       .. 

1 

Fr<v 

f                                                       O 

1 

1  10 

0 

1 

io 

ti 

.1.  I!,  l.ippiiii'otl  A  Co.,  Phila- 
delphia. 

2 

Free 

•• 

Hi'*     Miiji'jity'H    AHtroiiomer. 
('.i|«'  Town. 

I 

Free(?) 

.. 

II  ll 


t!') 


No. 


sheets 
tiiiireH 
!*neetH 
i]uirt8 ; 

yd", 
pieces' 


Statiokebt. 

P»per,  drawinjf,  Whatman's,  double  elephaut 

.,     logarithm 

„     traciuff,  4().iii.  by  36-iu.  ..         .', 

..     fiKtIscap,  white  , .  . .  , , 

„     note,  official  . .  ' .         ' ' 

Cloth,  timinjf,  3ti-inch. . 
Scratch  books,  variou.s  lizes  . .  . .  ,[ 

Erivelii|i«s,  various  sizes  ..         ,, 

Pencils,  ^-tl^inus 
Indianihbei- 

PenhoMirs         .'.         '.',  "         " 

Pens,  drawing-  ... 

Mbs,  writing-  ..     ;;     :;     ;;     ;;     ;;  ,,„^; 

'"''HI'''"    •    '.'■    '.'.    ::  boies 

Ularicn    .  . 

ijrauin^  pins  ..    ::     ;:    ;;    •;    ;;^„,j- 

Kote  \>,,  k" 

Knivis,  i«Kkct \  '/  " 

l*a|it'i- weights  , .  ..         ^^ 

,,     fasteners  . .  , ,  . ,  " 

Striu(j    ..         ..         ..  "" 

('Hlculiiticiii  riirras.  vurlous       ..  ,'  '\ 

(J.T.  Survey  of  Inili.i  I'onus.  varii.us.. 

Anu-U-  IwHik  foiiiis,  C.T,  Survey  of  India 


Source  of  supply. 


boxes 
balls 


30  I 

SO 

30 

M)  ■ 

ISO  ' 

30  j 

38  I 


1.200 
12 

12 

4S 

» 
8 

12 
4 
i; 

24 
x 

21  • 

(i 

4 

1,000 

200 


.School  of  Mililur\  Kn- 
Kineeriiifr.  Chiithaui. 

.Surveyor-lieiieral  of  Inilia, 
Calcutta. 


Total,  »iv.  2;">/. 


S<'.MM.\IIV    Foil    'rnKiilNOMKTIilC.M.    PARTY. 


Instriiijii'iitK 
<'.iii]|i  cuiiiptiieiit 
H-k-     ..  .. 

Siiiti..ii.r\ 


£  .1.  ,1. 

..     4;w  1.^  2 

..     iM  1  II 

14  15  O 

2.">  0  I) 


T„t..,l 


T<I4    11      2 


'r.i|'.i,.r(M'|llr\l.    I'MirilN 


I'rirc  in 
l.'>ri.|..ii. 


■'■.'lal. 


S..i|rce  ,.f  suppU. 


Inmki  mknt-. 

Itmsi'-liti-s.  mil  riiiiieter  iiti,  rMsco|H' 
.'•-iiicli.  Nuniber  .'IHi   in  cutaln^ni,.. 

l-.atllet    f  .tll-\hi^  c;(ses 

rmijiiiiss.-.  prisijialic.  JiJ.iri..  . 

ThiMiiiiiiic  ters.  ill  li I  l,rn»>.  tuU--. 

li.lroini  li  T -.    iih.iniil. 

kcu  ■■■  rli|ir,i;e-). 
I'llt..,  4-II1.       .. 


-5-" 


Ib'Ilnl, 


Isil.l.i.-.    i.r-   . 

Stall  ■    >\  b,,\,  ,  " 

IVnmt      ■  iii>i  .  . 

Tin  lull's  I.. :■  iiia|,^,  jl-in.    .'"         ,[ 

•wsl'iiii '-  ili.iviihK,  >ti|ieri',,r.   I,,V 


I 
12 

I 


».    ./. 

f     .. 

./. 

2     it     11 

M.|        II 

" 

Tn„i^„|. 

l;iH.  (• 

"          ^*         ^itniiis 
eel    ,'<llPel,  K.C, 

■1     7    0 

s    II 

II 

1   III    II 

li        II 

11 

1  111  ~i.  Ill 

.III    Sllelli.'Id. 

(   1,-)     n 

;lii    II 

II 

Kllr.it 

Unilhcs.          ;;,; 

I.ei'  c- 

11     S,|I|UM..    U'.t    . 

4  ;.-• 
?  II 
I    II 


(    in     II 

"         I'    I-'       "       --I."!!       \        Milsi.ii,"    H|,„„„ 

I  ■:ir.ieii. 
"         '.'    I"     "  Ca.ila  .Vlo..  I,,-,  l|,,|l,„„ 

Mills. 
"         "     "     "      -liiiilcv        ,\        I',,.        (i,.,.„ 

'Ciirii-'riir. 
"        4     11     n 
II      h;     II     II  '' 


:i     II     II 

0      IS      II 

:i  III     I'. 


.1     "    0 
I   111    II 


I';     i:     "Ml.  M.iilii.!.',  4-"i.  Iiiisbuiv 

I'iiveiin  111,  K.C. 
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No. 


Price  in 
London. 


ToUl. 


Source  of  supply. 


ScaU^r  plotting  ..         .,         •• 

Fiold  fflaMfieH,  Zein^,  8  iliameterH 

Laiupri,  liiiira^ye  i>r  cycle  , . 
Heliofjraplis,  5*in.,  Mark  III. 
Plane  tables,  |«-in.  by  24-iu. 

Plane  tnlile  covers 

sif^ht  riile^,  15-in. 
„  troii^-h  I'umpasseH,  6-inch 

Plane     liililes,     |Kir1abte,    Irt-in.    by 

IH-iti.,  Mark  L 
Cliiii>tiii'ti-'s,  [riiliaii  pattern  .. 
AblH\v  lewis   .  . 

InMniiiiciitf*,drawin;r,  In  leatlit-r  rull.H 

C'-Mlls 

«>t  .  ,  .  .        ■'*t>tS 

Bt>anl«,  «lniwiii^r,  42-iii.  by  2W-in.     . 
Com|'a»«es.  tH'ani.  ifi-in. 

„  pro)K)rtion:iK  8-iii. 

Marijuois  scale-s         ..         .,      «ets 
HantatM'aph.  2-ft.  *l-i!i.  , , 

Parallel  rulers.  18-in ,. 

Protractors,  brass,  cli-cuiar.  6-in. 

,,  carill>oaid,  12-iu. 

Stra'iKlit-tMl^eN.  steel,  3-ft 

T-squAivs,  42-in 


Total 


('ami*    EyriPMEST. 

TeutM.  it-ft.  by  M-fi 

Mej»>  bf>xes  and  cooking'  utensils,  say 
Cauip  tables    .. 
lu-liarublHT  sheets 
Itoxe-  for  small  stores 
Ciiiup  ''tiives   . . 

('(Kjkiiiii'  stoves  .  , ,  , , 

Hurricane  lani|'s 

Lanterns,  .s.]uan',  in  tin  rases  ,, 

Tamp  1  ,-'ds 

Betidiii::  and  valises,  sets      ., 
Tainp  cliaitM    . .  . . 

IVxils,  fellinjTi  C'ltliii^,  di^rji'iii!.:'.  and 
ma-sous'. 

Total 


Hooks. 

Luiiaritiini  Tables,  ."^hortrede 

„  ..  rlia?nl)er<  . , 

Field  Sketrliiii^r.  Manual  oC  .  . 

T.>|>  i<;T;i|'fiie;iI  Siirvev.  TeM   \\-"k  <^\ 
Smvev      rubles    Sch....l    ut     MUitiilV 
Kiix:i"ecriny. 

|*iiriipti!e!'«.  vati  m-..  ditln 
Ibiiiiilfltok.    To|M':.'r»phieal     iiran-li. 

Si.rw  ■   „i  iiiri;::. 
Ili:i!- toTi.iveMeK* 


£ 

1. 

d. 

£ 

ti. 

rf. 

82 

0 

i 

0 

3 

4 

0 

W.H 

Harline-,  4S,  Finnbury 

Pavement, 

E.C. 

8 

8 

0 

0 

64 

0 

0 

W.  Watson 
Hoi  born. 

&  Son*.  High 

4 

0 

ft 

0 

1 

0 

0 

Local 

4 

a 

18 

0 

3S 

12 

0 

Army 

Ordnai 

ce  Department 

10 

s 

ft 

0 

32 

10 

0 

„ 

,^ 

{^tt  note  in 

Appendix  I.) 

111 

II 

4 

3 

2 

2 

li 

Army 

Ordnance  IVpwrtinent. 

10 

1 

5 

0 

12 

10 

0 

111 

1 

0 

2 

10 

1 

8 

i 

3 

0 

0 

6 

0 

0 

'• 

« 

;i 

0 

0 

24 

0 

0 

X 

1 

■2 

3 

8 

18 

0 

., 

« 

1 

IS 

0 

14 

0 

0 

., 

1 

(I 

~ 

6 

1 

10 

0 

„ 

1 

II 

II 

*H 

0 

2 

10 

., 

K 

0 

III 

0 

4 

0 

0 

i 

1 

ir> 

0 

3 

12 

0 

•2 

0 

If) 

0 

I 

12 

0 

., 

4 

0 

i; 

II 

1 

4 

u 

I 

.) 

8 

II 

5 

8 

0 

12 

0 

u> 

3 

7 

t 

0 

8 

0 

11 

H 

4 

13 

4 

., 

24 

0 

1 

10 

2 

4 

0 

„ 

3 

0 

7 

6 

1 

2 

6 

2 

0 

:i 

•1 

0 

7 

n 

'? 

8  , 
8  I 
16 
8 
2 

8 
8 
8 
8 
16 


454  19  10 


8      12     0     0 


0  12  li 

0  7  '.• 

0  10  0 

2  0  0 

4  0  0 

0  3  R 
oil  0 

1  7  « 


Ih;     II     0     IjxTil;    or    fnini    Silver   & 
I'M^in^tiiu.  (i7.Cornhill.  E.C. 
20     II     0     Local. 
5    0    0 


2  (I 

II  II 

II  0 

0  (I 

8  II 

H  0 

II  II 


3     II     0     24     0     II 

I)    111      f,         8      K      0 
10     II     0 


2     II     II 
0     4     6 

0    :l    0 


Fiei- 

11     t     II 
|i   I.".     0 


21A     6     0 


1  i>     0     Any  Ikw .liselli'i . 

II    IH       II 

(I     1.     0     lli^     Miiji"'tv'>'     i^tati. 'iiiTv 
Ofti..-. 

2  II     II 

Selionl  t'i  -Miliiliry  Kn^cilHHT- 
in;:',  ('iiatimni. 

II     f*     'I     Sm-\ eviu-i;i>ti«'r;il  iif  India, 

i;;i!rti!-:t. 
o  l.'i     0     lfiiviiliii-'iiini|'liM:il  ,-;,.riety, 

i,S,i^il.' Il,.w.  W 


Tun.  I 
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Statiohirt, 

Paper.  drawiDg,  Wh»tB»D'»,  dooble  eiephant  mbmf 

„     loinritbm  ' '    "r"* 

^T  .  ••  ••  ..  qiiirm 

„     Mction,  ooatanaoiM  roll  ^_j. 

.,      taring,  40-m^  by  86-iu \\,i,l^t, 

„      foulacap,  white. ._;_, 

„      i«ite.o&ml      ..  ;:         "J™"', 

Cloth,  tracing,  36-iii.    ..         ..         V  ] 

Scratch  books,  Tarioun  aizes  . .         .' .'         .' "         ' '     '       ' 
Sarthpea,  various  lizeg  \[         "         "         "\ 

Pencils  variouii. .  .  "  ' '  ' "    .      • ' ; 

Indiarubber      ..         ..         ^^1 

Penholders  P"*** ! 

Nibs,  writing 
„    drawing 
Pens,  drawing  ..         .  '         •  ■      •• 

Ssrsr::    :;    ::    "    ••    --^^ 

Brushes ..  "         "         •* 

Ink,  pellet!! 
Diaries  .. 
Traverse  books, 
Note  biKjkH 
Knives,  poi  ket , 
Paper  weights  , 
„     fasteners. 
String 


. .  dozs. 


boxes 


og 

Calculation  forms,  various 

Angle  books 


boxes 
bidls 


No. 


50 
8 
50 
50 
50 
50 
SO 

3e 

1,200 

20 

3« 

48 

8 

8 

48 

6 

8 

24 

18 

8 

48 

48 

1(! 

40 
< 
4 

1,000 

12 


Soon*  of  sgpply. 


::Jchool    of    Hilitvy    Kn- 
gioeering,  ChatiiML 


Total,  say.  40/. 


SCMMAKY  FOR  ONK  TOPOOBAPHICAL  PartT. 

Om.p  equipment '.         V.           •  ^^^l^l 

Books         ..                                                 ZIO     b     0 

stHtioneo^..    ;;    ;;    ;;    ::    ;;    ;;  40  0  ,',' 

Total         718  12  10 


OE»iiai,u.  Spmmary. 


Head-quartfr  riffloes 
Trigiiiioiiiitrii'Hl  party     . . 
Two  topographical  parties 


„     ,.        ,  Total  

faoking,  msiiraiioe  and  trniiB|iortatiou  to  Canada,  sav 

Total  cost  of  oiinipiiient,  say     . . 


£     ».  </. 

70  Hi  4 

704  11  a 

1,437     5  8 


2,;iOO    0     (I 


Say,  1 1.5(10  dollari 


APPENDIX  IV. 


ON  THE  ERRORS  OF   A  SYSTEM  OF  TRUSOULATION. 


B  I 


If  we  msarare  a  bsae  line,  AB.  and  from  that  iMwe  extend  a  oUaiu  of  triangle*  in  a 
Hi»eu  direotiou.  tixe  deviation  of  the  end  of  tlie  cbain  from  it«  trne  position  wtU  be 
rompnnnded  of — 

(a.)  A  lateral  deviation  due  to  frrorB  in  the  angular  meMurements. 
(6.)  A  longitudinal  deviation,  due  to  urror  in  the  base  measureioant. 
(e.)  A  longitudinal  deviation  due  to  errors  in  the  angnlar  ineaaurcmenta. 
To  arrive  at  the  probable  amount  of  these  deviations  we  have— 

(a.)   For  the  lateral  ileviatian. 

Let  the  probable  error  of  any  angle  in  a  triangle  be  p  seconds. 
Then  the  error  in  the  direction  of  side  1  is  />  \/  3 

„  2  is  ;>  ^  '  ;i  X  2 

n'\»  py/  in- 
lionce.  if  m  be  the  average  length  of  a  side  in  miles,  the  deviation  at  the  end  of 

sidi!  H 

_'''/'\/J*.  /«(»  +  IJ  feet, 
4(r      V         i 

or  if  1.  s  the  length  of  the  chain  in  miles 

=  Lp  X  -OS  feet,  nearly. 

NoTK.  -The  value  of  |>  may  be  deduced  from  Ferrero's  formula :  — 

;-  =  •'"  V  :(N 

where  i'4'  =  the  sum  of  the  squares  of  the  triaiigului    .rrors.     N  =  the  number  ot 
tnaugteH  =  in  ■^-  t. 

(b.j   For  thf  loitgitudinal  ilicuition  <liie  to  error  m  btue. 

Mere  the  error  of  the  chain  will  bo  directly  proportional  to  the  urror  in  the  base. 
Hence,  if  «  be  the  probable  error  of  the  Ixwe  meimnrement.  in  feet  |)er  mile  : 

Probable  error  ut  cud  of  chain  a»  Le  feet. 

(o.)   Fur  the  loHf/itndituil  deviation  due  to  aitfjiilftr  errors. 
In  any  given  triangle.  AliC,  the  probiilile  emir  of  the  side  a 

ss   „ap   vT  s'  cot'  A  -^  cot  .\  cot  C  +  cot'  C 
<  yUe  Art.  Ueodeay,  "Encyclopaedia  Hiitaniiiea"),  which,  if  the  triangle  be  equiUtorid. 

m  ■ 


so 


Hmoa,  probkble  error 

of  ridf  1 


tnp 


a/ "3  »'» 


1"  •¥ 


•adjtotal  |>robnbl«  error  at  eud  of  ihain 


=  "'/'""»"/y/  3  *'„(»  + j<; 

"  I.;* sill  1"a/-|  n«af'y 
=  -08  X  L;>  feet. 

erro™"""""  ""  '"•"'  '"■"''"*''"  '"'W""""-''  deviati,,,,.  ,lue  to  both  angular  and  b*.^ 
=  L    vV»  +  (,,  X  •(»2)'fe,t. 

jXbif  rrp:::M";;e  :o:;:;^L.;:;^^ 

prop:!.:dT!:'vb:';\"lz.:;;r:!:;.^";^"  ^''"'"  "^--"''"^y  '-s""'-.  .ueb.. 
p<=i 

t  =  01. 

Probable  lateral  error  at  end  of  .i(lo  miles, 

*  50«»  X  2  X  li;! 
=  M  tict. 

Probable  longitudinal  eiTor 

^  .^)0<)   JiHW  +Tx  -(1(104 
=  ."MKl  »  (101  If, 
=  M  feet. 
In  tlie  caKe  of  tlie  topnp-aphical  triiui-nlation— 
/)  -.  10 
•'>4 


.5(H) 


=  0-11 


rmbabli'  longitudinul  irromt  ei.d  <>t  ■>{*,)  niileii 

=  200  .  (I-(I121  +  loo  X    0(104 
=  200  »  (111521 
=  -f)  feet. 

A».  tm-tl„.„n,.r,,  ihiH  trianpilHtion  «ill  be  in  tbe  fonn  of  a  continuou.  ,>..t«„rk 

f ti,  wi;; i:':7 m"'''  ^"  ''r ,"'■'"  "r-  ^i" "'••  "'^'■•■''""■'  '"""fi-d ">  oonXd^nrt : : 
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APPENDIX  V. 

SLMMAKY  UK  TIIK  TOPOGRAPIIICAI.  MAPS  UK  VARIOUS  (.'OUXTRIES. 

'I'lic  fnlldwipi);  li"<t  (^ivi'K  ttic  kciiIi-»  ami  ulliur  iVatiireK  of  the  piineipal  top<>- 
praphiwil  iimpH  <if  n  tew  coiintrieii.  Vnr  full  ili-tuiln  uf  all  suoli  rnapg  n.'f>;riMiCf  loiwt 
Iki  miiilc  to  •■  A  jjiiiili'  to  vwctit  largt  wmIc  miips."  by  A.  Knox.  B.A.,  piililiHlinl  l._v  the 
liiti-lliRei Diviiiion.  War  OHici-,  in  l«'.t'.»:— 


rntintrv. 


!<<»l>'. 


\iis(ri.i 


lij-Viiim 


i'l-aiiff . , 


'•r-cni  Mritaiii  .. 


KeinewiiiKtiMii  uf  form  uf  jjruuuiL  , 


CulitourN  lit  Utit  lut'trt*  veitinll 
intervals  kikI  v<>rtir*al  liitcliuri'^. 
in  hlacli. 

r'oiitoni-*  ;il  ."»  HM-irt'  vertical 
iiitHrvjili*.  ill  hiac'.v. 

('ont<iur!4  al  :£<>  iiietii'  vertical 
iiitei-vaU  nr  HJiiuliii^'  (two 
-fcpjiiat*'  editions  of  iii!ii»). 

Vertical  hat-lmref*.  in  lilark 
Sriini|t  :4hailiri^ 

Vertical  ImcliiireH.  in  hlwk  .* 


(.'oi*>ur»  HI  Ktl  ft.  vertical 
intervals  anil  vertical  liaclmres, 
ill  lilack. 

llori/ontal  form  liiieM.  in  bla^-k      . 
Vorti4*al  hachni-es.  in  iilack 

t'oiitours  a'  .'ill  metre  verticiil 
intcrvuls  and  vortical  liachureH, 
in  liliu'k. 

\tMiioui  liariiait-s,  ill  ithtt-k 

Vertical  iiachure?*.  in  btack 
Vcriicyl  Iia*-liures.  in  Iiruwii 

t'ontoiirs  al  :;o  ig.'«re  \prticHl 
iil1er\nls. 


I'nited  Staten . .  jj„'„„„,  .  ^  s,',.,...  '^'"i  f 'oiitours  at  fnini  2(1  ft.  to  'itMl  ft. 
02  '•,„„.  acconiintr  j     vcrlii-al  intervals,  in  lirown. 
to  iTii|K>rtaiice  of  I 
(li-lri.-l. 


M'tlierlando 


tia.Wti 


Size  of  Mheeti* 
(without  margin). 

'ill  liy  l.'i  iiiclieM,  t>r  311' 
loii^itwle  hy  l.'i'  lati- 
tude. 

M^  hy  21  iiiclie.'.. 

2.1  hy  24  inclH)4. 


ISJ  hy  lo;  inclu':). 
22J  by  1 7^  inches. 

1:1^  by  11^  inches,  or 
30  iongitude  by  l.'i' 
latitude. 

18  by  12  inches. 


•to  by  17  iiiclie«. 

19  by  12  inches. 

1.%  liy  HJ  iiiclleH.  or  3<i' 
lou^tude  hy  211  lati- 
tude. 

l:lj  by  II  inches. 

221  iiT  li;j  inclie». 

20  by  I'J  inches. 

22  l>y  It  J  inches,  .ir  Vtl' 
lon^ntiide  by  10'  lati- 
tude. 

17i  by  14  incites,  .ir  i:>' 
Iniii;Itllde  by  10'  lati- 
llldc  for  the  „,  ;„„ 
scale. 


It  will  ln>  iilisirvcil  that  in  coiititries  wleic-  the  metric  system  id'  measures  is  in  iiHc, 
iiiajiH  are  eonstriicteil  upon  •■iiatur;il"  scales,  i.e.  scales  in  wliicli  tlie  ileiiominator  of 
tile  I'rai'tion  is  an  inle^jral  iiuinh'T  of  thonsamls. 

Tliis  system  has  been  sninetimes  advdcateil  for  countries  nsiii;;  Itritisli  nieasurcR, 
Kiid  has  been  partinlly  ndopteil  in  the  I'lcitiil  States,  wliore  thi'  scale  of  j.^  i,,„  is  iiscil 
Ml  phice  of  I  inch  to  a  mile,  or  .jj.',,;,,  and  ,jj',,,,s  in  place  ot  J  Inch  to  a  mile,  anil 
so  on. 

A  natural  scale  prcseni.^  no  .■diaiit.igi.s  in  these  eiiciimstances.  In  coiintrieH 
"here  metres  and  kilometres  are  in  common  use,  a  decimal  map  scale  is  simple,  and 
readily  understood  by  anyoiio  usiii^  the  map.  The  case  is  quite  ditVerent  wliero 
distances  are  measured  by  miles  and  inciiea.  Ii,  such  eirciimstunces,  the  statement 
lliat  a  map  is  ou  the  scale  of  1  inch,  or  any  fnietion  of  an  inch,  to  a  mile,  at  once  eullii 
lip  a  lietlniie  riicntai  picture  of  the  reiationsiiip  lietweeii  iiie  leiigtii  on  lln-  map  uml 
that  on  the  pound,  in  terms  of  the  most  familiar  units.  For  all  such  countries  it  in 
therefore  unipiestionably  prelerablc  to  use  a  scale  of  fractions  of  an  inch  to  a  mile, 
and  the  topop'aphical  map  o(  Canada  iihtaiUl  hence  be  on  the  Hciile  of  ^  inch  to  ft 
""I':  or  ,,,Vj«.  ""'  ijV...„d- 
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